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PROCEEDINGS ~ 

NOTES AND NOTICES 

» 

COMING-OF-AGE CELEBRATIONS 

The President of the Institute (Lieut-Col. B. Palin Dobson) and the Chairman 
of Council (Mr. F. Nasmith) are taking a most active interest in the promotion of 
arrangements in connection with the celebration of the Coming-of-Age of the 
Institute, and have already attended committee meetings at which preliminary 
measures have been fully explored. The dates for the holding of the Celebration 
Proceedings are now definitely fixed — 22nd to 25th April next, at Manchester. 
Members are asked to make note of the dates and to assist in promoting the 
success of the movement. It is particularly hoped that every effort will be made 
by Members in the direction of advancement of the membership strength during 
the present year. Whilst applicants for membership continue to come forward 
with encouraging regularity at each monthly meeting of Council, yet, as a result 
of the prevailing industrial depression, withdrawals arise from time to time and 
the progressive enrolment is thereby discounted. In regard to new-member 
proposals, tl e forms of application have recently been revised. The Secretary 
would be pleased to supply forms on request. 

OUTLINE OF PROGRAMME 

At last meeting of the Coming-ol-Age Committee, progress reported in relation 
to various decisions and instructions enabled a broad outline of the celebration 
proceedings to be visualisetl. It is proposed that the proceedings shall begin 
with a reception on the evening of Wednesday, 22nd April. On the morning of 
Thursday (23rd) the Annual Mather Lecture will be contributed. Dr. W. I.awrence 
Balls having already accepted invitation to provide this contribution. A paper, 
probably on the subject of Technical Education, will follow and it is expected that 
Mr. A. Abbott (Board of Education) will be the contributor. After luncheon, 
visits to various works and institutions are contemplated and in the evening a 
banquet will be held and many guests will be invited. It is hoped that it may be 
possible to arrange for the broadcasting of the principal utterances on this 
occasion. A departure from the usual course of events in connection with meet- 
ings promoted by the Institute will be the arrangement of a special lecture open 
to the general public. The lecture will be of popular interest and will be given 
by the distinguished contributor, Sir Leonax^ HiU, who will deal with some 
scientific aspects of clothing. On the Frida]'^ (24th April) there will be a morning 
session at which papers will be contributed by representatives of Research Associa- 
tions, and the aforementioned public lecture will take place in the afterndbn. 

regard to the Celebration Proceedings as a whole, the Committee is confident 
that a really excellent measure of influential support will be forthcomings and 
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Lord Derby haf» already expressed willingness to attend and take part in some 
portion of the proceedings if the dates prove suitable. 


The Warner Memorial Medal 

Since the decision of the Council of the Institute to establish a Medal to per- 
petuate the memory of the late Sir Frank Warner, a distinguished President 
and for many years Chairman of Council, arrangements have proceeded in regard 
to design and other details of production of the medal. It is expected that the 
medal will be available at an early date and that award or awards may be decided 
upon prior to the Coming-of-Age Celebrations. In this event, any presentation 
would form part of the celebration proceedings The medal is to be available 
for award in respect of published original investigations in textile technology; 
the awards to be made at inter\ al of from t\^o to five years. The Coining-of-Age 
Committee recommended to Council that, even though it might thereby be 
necessary or desirable to award more than one medal on the first ot'casion, the 
question of selection to cover all the requirements up to 31st December 1Q30 
should be considered. 


Council of the Institute 


In accordance with the requirements of the By-Laws, the names of members 
of Council of the Institute due to retire at the next Annual General Meeting (1031) 
are set out below. Members of Council are elected for three years, unless election 
has taken place in respect of a casual vacancy, in which case retirement takes 
place in the order which would have applied to the member whose withdrawal 
created the casual vacancy. Of thirty Councillors, ten retire each year. In the 
1931 and 1932 lists there are only nine names recorded in respect of the 10 
vacancies which will arise, as there is one casual vacancy in each list at the time 
of compilation of this record. Later, and in time for the next Annual General 
Meeting, nomination forms will be issued to Members. The order of retirement 
of Councillors is as follows — 


1931 

liailey, R G. 
Bailey, W 
Chance, S 
Davib, 

Hall. A J 
Lishxnan, VN' W. L 
Midgley, E 
Nisbet, H 
Wilkinson \N 


1932 

Binns, H 
Cockcroft. L E 
Fletchei, J F. 
Read, J 
Richardson, H 
Robinson, T Id 
Slatei, F P. 
Speakman, J. B 
Wigglesworth E 


‘933 

Baiwitk, F W 
Beveridge, J P 
Boothman, W I 
Bromiley, H 
Kershaw, W 
Morley, T 
Morton, W. E. 
Robinson, J 
Watson, S. 
Withers, J ( . 


Institute Membership 

At the December meeting of Council, the Jollowing were elected to Membership 
of the Institute — ^N. V. Astbury, 51 Chorley New Road, Bolton (Cotton Carder); 
H. Beevers, 23 Gladstone Terrace, Elland, Yorks. (Worsted Spinning Overlooker); 
R, D. R. Bell, Elgin Mills Co. Ltd., Cawnpore, India (Office Assistant); W. N. 
Bignall, 6, 2nd Avenue, Sherwood Rise, Nottingham (Hosiery Factory Manager); 
H. Dawson, B.Sc.Tech., “Thomham,'' Windsor Avenue, Penwortham, Preston 
(Textile Chemist); J. K. Ebblewhite, 4 Waverley Avenue, Beeston, Nottingham 
(Publicity Manager); T. F. Grifi&n, Technical College, Bradford, Yorks (Combing 
and Spinning Instructor); J. W. Howson, 21 Cromer Avenue, Tonge, Bolton 
(Asst. Manager, Cotton Manufacturing), S. H. Kay, A.M.C.T., 47 Richmond Street 
Newton Heath (Operative Cotton Spinner); R. H. J. Milne, B.^.Tech., A.M.C.T., 



DevclnpmciUs in Wtmiinf* and Doubling #3 

Charlton House, Prcstwich, Manchester; T. A. Hurt, i Horsefair Street, T^icester 
(Rep. of Textile Winding Machine Builders); A. Ratcliffe, 80 Manchester Road, 
Walkden (Student); E. Shires, c/o loi Bartholomew Street, Leicester (Senior 
Textile Engineering Draughtsman); E. Tanner, Westholme, Mossley, nr. Man- 
chester (Mill Manager); H. Witter, 5^ Milnrow Road, Shaw, Oldham (Cotton- 
room Assistant). 


Lancashire Section 

Meeting at Stockport College, Stockport, on Wednesday, ibth November 1930, 

Mr, J, 1 , Higson presiding 

DEVELOPMENTS IN WINDING AND DOUBLING 

Prior to the lecture which wjis delivered by Mr. Walter Bailey, Councillor W, 
H. Downham, Vice-Chairman of the Stockport Education Committee, who 
attended in the absence of the Chairman of that Committee, extended a welcome 
to the Textile Institute on behalf of the Governors of the College and said that the 
Institute was doing a great work, which was especially helpful during this time of 
trade depression. It set an example and encouraged others to follow. Such 
lectures as the present one did much to improve the working conditions of present 
and future employes. He had liad an opportunity of seeing the Journal of the 
Textile Institute and was interested and impressed with the variety of subjects 
covered. It was with great pleasure that he gave the official welcome and he 
expressed the wish that the Textile Institute's future activities would be attended 
with all possible success. The great aim w^as to inculcate in its followers that it 
was only the idler to whom work was a curse. 

Mr. Higson in introducing the lecturer said that the subject was one which was 
well suited to the needs of Stockport — the hub of the doubling trade, in which 
j 0,000 persons were, normally, engaged. Unfortunately this section of the 
textile industries, like all others, was at the present time suffering from the effects 
of the world depression, and also to .some extent from the increased production of 
artificial silk. This industry had at times been of assistance to the doubling trade, 
but for the most part it was a serious competitor especially in the stocking trade, 
since upon the production of yams for stockings, Stocli^ort had been largely 
dependent. 

The Lecturer said that the title of his lecture did not indicate that he would 
deal with the development of the winding and doubling industries historically. 
This had been done adequately elsewhere. He then briefly described the two 
main principles upon which winding machines arc made. Although the type was 
one of the simplest and oldest in use, upright-spindle winding frames of larger 
gauge and stronger build were now used. Frames of 6-in. gauge with about q^-in. 
lift were being made and wound a taper bobbin containing about ij lb. of yam. 
Great improvements having been effected in cam and traverse motions, the quick- 
traverse winding frame, fitted with patent wire traverse and differential motion 
was generally used for assembling two or more ends for the twister creel. Quite 
recently patent top-runner bowls with stationary flanges, and patent ball-bearings 
for the drum shafts had been applied to these machines; a number having 7 in., 
8 in. and even larger traverse were in use. 

A development of the last few years, continued the lecturer, was the intro- 
duction of high-speed cone-winders for single-end packages. This machine owed 
its success not only to its high speed but to the form of packages built — a cone. 
These cones had been in great demand for the hosiery trade and for high-speed 
beaming. The principles of the machines were described and illustrated by the 
lecturer. Mr. Bailey next turned to twisting and again dealt primarily with the 
principles upon which the machines were built. The use of the intermittent 



Proceedings 


tywUm was not extending, said Mr. Bailey, and the same remark applied to the 
flyer system: the ring-twister must now be considered pre-eminent for the doubling 
of all counts of cotton yam. Tape driving of spindles had been largely extended. 
Rings used in ring doubling had received a fair amount of attention said the 
lecturer, and described two new types of self-lubricating rings. Increased 
spindle speeds up to 30% had thus been secured. 

Thirty years ago, the Lecturer continued, the industry knew little of the produc- 
tion of folded cable yam; now 700,000 bales of cotton per annum went into these 
yams in the United States alone. The doubling frame mainly in use to-day was 
of the ring-type and was of specially strong constmction. The rollers were 
arranged to obtain a definite grip on the yam and thus to prevent pulling through. 
The introduction of a specially-made spindle had been necessary. There were 
now in use spindles which revolved freely and without vibration at high speeds and 
which carried a bobbin containing 3-3 J lb. of yarn. Finally, Mr. Bailey des- 
cribed the new twisting frame, introduced by Messrs Andrew & Langstreth of 
Rochdale, for which it was claimed that having none, traveller troubles were 
eliminated, and that snarls consequent upon starting and stopping hard twisted 
yams were obviated. The lecture was well illustrated by lantern slide.s. 

Discussion 

Mr. Higson called upon Mr. H. P. Greg to propose a vote of thanks. Mr. Greg 
said that in his own mill he tried to think that there was nothing right in it from 
start to finish, though of course there must be something, however small. Mr. 
Bailey had laid much stress on the importance of the tape drive and it was perhaps 
on that account that he had been asked to propose the vote of thanks as he was 
somewhat responsible for the introduction of the tape drive in this country. 
Mr. Greg continued that a friend of his invented a small attachment lor the loom, 
and a little later saw the identical thing on a machine maker's scrap heap; his 
friend had re-invented a 30 year’s old invention. He was glad so many had 
seized the opportunity of learning something from Mr. Bailey. Personally he 
felt most indebted to him for the clear description of the various points he had 
brought before them. In industrial life as in ever3rthing else, it was easy to think 
only of self, but it was far more important to think of others. He had great 
pleasure in proposing a hearty vote ot thanks to Mr. Hailey. 

Mr. Joseph Morris in seconding the vote of thanks said he considered those 
present were most fortunate in having as lecturer, Mr. Bailey, who had such a wide 
experience of his subject. Apart from the pleasure of listening to a lecture 
delivered by a Fellow of the Textile Institute, he had the additional pleasure of 
listening to his old teacher, and he was glad to be called upon to second the vote 
of thanks. 

Mr. B^ey in reply said he greatly appreciated the vote of thanks and especially 
the way in which it had been proposed and seconded. 


Scottish Section 

Meeting at Galashiels, Thwsday, iitk Decembev 1030 

In tte afternoon, by courtesy of Messrs Sanderson & Murray. Ltd., a visit 
WM paid to the firm's skin works, where the party was received by the 
Director, Mr. Addison, who conducted the visitors through the works. Du ring 
tte tour of inspection, members bad an excellent opportunity of viewing the 
different processes einployed by the firm in the treatment of sheepskins and the 
grading and preparation of skin wool, followed by the subsequent softening and 
preserving of the skins for various purposes. The party spent an interesting 
afternoon and greatly appreciated this privilege. 
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In conjunction with the Scottish Woollen Technical College, an evening meeting 
was held in the College, Galashiels, at 8 p.m. under the auspices of the Selkirk 
County Education Committee's Series of Specialist lectures in textiles. Mr. 
G. D. Gibson (Selkirk) presided over a large attendance, including members of 
the Institute and students of the College. The Chairman introduced the T^turer, 
Mr. J. Mclsaac, A.T.I., Principal of Wilts. County Textile School, Trowbridge, 
and drew attention to the fact that Mr. Mclsaac had been a student of the College 
before going to Trowbridge to take up his position there. He took the opportunity 
of thanking the Committee of the Scottish Section for their part in arranging the 
meeting, and expressed the hope that it would prove an interesting and instructive 
evening. 

Mr. Mclsaac thereafter showed a number of lantern slides illustrating the 
various machines used in the process of cloth Finishing, in order that the audience 
might be familiar with these when mention was made of them in the course of the 
lecture, and also for the benefit of those not directly engaged in the industry. 
Afterwards, he gave an interesting address on cloth Finishing, particularly as 
applied to the West of England trade, detailing the various processes and the 
methods employed in the preparation of different types of West of England cloths. 
Discussion followed, and among those taking part were Dr. A. W. Stevenson and 
Messrs Christie and Sinclair (Galashiels). 

Mr. A. W. Blair (Hon. Secy.) moved a vote of thanks to Mr. Mclsaac, express- 
ing, on behalf of the Section Committee, appreciation of his kindness in coming 
such a long distance to address a meeting of the Section, and also thanking Dr. 
A. W. Stevenson and the College Authorities for their assistance in connection 
>^ith the meeting. 

Mr. Mclsaac, in reply, said that he had enjoyed bis visit to Galashiels and 
meeting old friends in the district, and he thanked the Scottish Section Committee 
for affording him the opportunity of doing so. 


London Section 

Public Lecture at the Barrett Street Trade School, Wi\ Mr, H, J, Clarke presiding 

SOME DISTRIBUTORS’ PROBLEMS 

The lecture reported below was delivered by Mr. J. G. Williams, chief chemist, 
5?elfridge & Co. Ltd., London. In introducing his subject the Lecturer said he 
proposed to confine himself to textiles and therein only to deal with a few problems ; 
he would discuss some defects of textiles and the complaints received. He 
had not been able to secure exact statistics of the proportion of complaints to 
transactions but those available indicated that these number of complaints was 
probably less than one per thousand and that half these proved to be due to mis- 
understanding. The first consideration was the economic principles underlying 
the distributor's problems. There were more sellers than buyers, said the Lecturer, 
and so the buyer could secure keener values; but there was a limit to price con- 
cessions. Competition among sellers ultimately meant lowering of real quality. 
Obviously goods of an apparent quality but actually inferior did not give satis- 
faction in the long run. The Lecturer urged that the best course was to give the 
maximum quality possible at any given price level. 

Mr. Williams then discussed the ascertainment of qualities of which he sub- 
mitted that the two most important were "fitness for intended purpose" and 
“rendering of satisfactory length of service." These qualities were not measur- 
able by cost of raw materials used nor by wages paid. The standard to be aimed 
at was "to make and sell goods that did not come back," and in the opinion of 
the lecturer this was a higher standard than "to make and sell goods that did 
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not come back to an embarassitig extent/' Such a policy was being followed 
and unless the goods were very bad, since ctistomers were usually very tolerant, 
the vendors continued in business. This standard was, in the opinion of the 
lecturer, undesirable. The higher standard could only be achieved by securing 
that any and every complaint was properly investigated. To carry out such 
investigations was an expensive process: in some instances hrms, either distri- 
butors or manufacturers, were large enough to conduct their own research and 
testing departments. But in his opinion, continued the Lecturer, the problem was 
one of mutual importance to retail and wholesale distributors and to manufac- 
turers, and they should recognise their common interests and take common action, 
'fhis question of common interc.sts amounts to the need of the textile industry as 
a whole to maintain or increase its proportion of the national income: all parties in 
the industry are and must be interested in this problem. 

The Lecturer then proceeded to discuss this proposition for the mutual m vesti- 
gation, by all interested sections of the textile industry, of the properties of textiles 
as they atfcct the interests of the consumer. These investigations, he urged, were 
not being made and no machinery existed to make them. He urged the establish- 
ment of a General 1 'extilc Research A.ssocialion and outlined its functions. Its 
preliminary work would be the investigation and study of complaints received 
by retail distributors. The Lecturer here gave a brief account of the work in this 
direction carried out by the retail house with which he was associated; he gave a 
table of classified results of over 750 investigations and pointed out that the 
principal defects were (1 ) defective colour fastness, (2) shrinkage of fabrics stretched 
in finishing, (3) insufficient strength cither in yarn or due to structure or tendering, 
(4) thread slippage. All these* he suggested, were controllable to a very large 
extent, and discussed at some length means that might be taken in remedy. 
He then returned to consideration of the functions and work of the General 
Research organisation to which he had previously referred. He considered that 
the next stage of the work of such an organisation would be that of standards, 
both of description and procedure. Misuse of merchandise would also be 
studied, as well as the needs for and extent of what is termed “Simplified practice** 
In the view of the lecturer this work could not be done by the existing Textile 
Research Associations and would necessitate the establishment of a separate and 
special organisation. In his opinion we possessed the capital, the skilled labour, 
and the brains. With co-operation within the industry and with the use of science 
we could secure the results at which we aimed. 

Mr. J. H. Lester moved and Mr. E. B. Fry seconded the according to Mr. 
Williams of a heart)^ vote of thanks for his lecture: this was given with acclama- 
tion. 


REVIEWS 

^Biit0ric Coitiime.** By Francis M. Kelly and Randolph Schwabe. (B. T. 
Batsford Ltd., London; 25s.) 

This is a second edition of a work which depicts and describes the fashions in 
Western Europe between 1490 and 1790. The authors emphasise the claim that 
from first to last they have preferred to depend upon contemporary witnesses, 
pictorial and literary, so as to achieve a thoroughly reliable guide for the l^efit 
of the artist, actor, film producer, and other interests. The book is excellently 
illustrated both by reproductions of contemporary paintings and beautiful pen 
drawings of Mr. Schwabe, the latter being remarkably interesting for their wealth 
of detail of the fashionable dress of the tlnee centuries covered. The accompany- 
ing descriptive matter explains the features of the costumes and the associated 
items of dress. The book could be profitably studied by many interests beyond 
those already mentioned. T. 
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Techadogia d«r TaxtilfaMni. Volnma II. Part 2— Die Weberei. (Juliu^s 

Springer, Berlin, 1927;' 36 RM.) 

The volume under review is the second of a series of valuable books, edited by 
Professor Dr. R. O. Herzog, of Berlin, on almost every branch of Textile Tech- 
nology. “Die Weberei” is written by Dr. Ing. A. Liidicke, of Brunswick, Pro- 
fessor K. Fiedler contributes the section on the weaving of ribbons and braids. 
The third part deals with the construction of weaves, the “Bindungslehre,” the 
author being Mr. Johann Ckirke. 

The task of compiling a great deal of fundamental information on weaving of 
various textile materials has been successfully achieved by Dr. Liidicke. The 
reader must not exp^t, therefore, to find in this book detailed accounts on any 
special branch. This is probably better available in the English language; 
Germany seems to favour this type of ‘‘Handbuch.’* The particular value of this 
book lies in its general appeal to the engineer, the manufatturer. the student, the 
research worker, or to anyone finding interest in the technology of weaving. 
Despite this the style is never v'ague or general. Very iew liooks arc written in 
such concise and accurate style. The numerous references to recent German 
patents are very helpful, and in most cases references are alsc> made to special 
publications, books, and Jirticles. Modern automatic looms are fully described. 
The reference to the “Giehler loom” which, according to the author, constitutes 
an important development for the future, is very interesting. This is a loom 
where the shuttle is led through the shed* in a positive manner and without 
touching either reed or warp and where the Ixittom warp line does not rest on the 
slay. .X.S on the “Souczeck” loom, no picker is employed and the loom therefore 
runs quietly and fast without vibration. A trial loom, weaving 78 in. cotton 
sheetings, was timed at 1 12 picks per minute. The chapters on buildings, social 
and welfare work give a good deal of information on the German industry from 
these aspects. It is somewhat strange to the English reader to find in this book a 
section on “Finishing.” This is a reflec'tion of the organisation of German textile 
industry. Although the author explains at the outset that he must restrict him- 
self to the purely mechanical processes, it is even then impossible to do justice in 
40 pages to such a highly specialised and important subject. One feels that this 
section should appear in a separate volume. A specially interesting section on 
the weaving of pile fabrics and carpets is contained in another volume of the 
“Technologic” Series, and it might perhaps be appreciated much moic as a section 
of the “Weberei” instead of this review of the finishing processes. An index of 
literature on the subject has been added but it does not mention recent English 
public ations. An author’s index would have enhanced the value of the book as 
well as an index list <if the patents. The subject index at the end is accurate and 
reliable. 

Professor Fiedler’s contribution on the machinery used in the manufac ture of 
ribbons and braids will be generally appreciated. Almost every part and motion 
of a ribbon loom is dealt with exhaustively with the aid of a large number of line 
diagrams and photographs. Reference is made to German, Swiss, English, and 
American types of machines and their relative merits and practical advantages 
iire stated. The author also expresses his views of breaking with convention and 
convenience for the sake of adaptation of the latest types and he demonstrates the 
successes of engineers in construction of the modem ribbon looms, which are 
indeed great mechanical achievements. 

The third section, by Mr. J. Gorke, is a very lucid and concise course of the 
“Bindungslehre” — the construction of weaves. The essential facts and methods 
are given of simple weaves and derivatives as well as pile structures, double, and 
treble cloths. There is no unnecessary elaboration and the grouping of examples 
on separate tables will be found very convenient. 

“Die Weberei” is a valuable modern contribution to textile literature. The 
great number of illustrations (854 in the text) and the numerous photographs 
make it accessible to the student who does not possess an exhaustive knowledge 
of German and interesting to anyone wishing to be informed of the world’s progress 
in textile and weaving technology. The printing and binding reflect credit on 
the publishers. Later editions might be corrected by eliminating a few\typo- 
graphical errors. R'.O.K. 



nw'Teslib RMonUr** Ymt Book. IISI. Published by John Heywood Ltd., Man- 
chester (898 pages, 78. 6s. net). 

This Year Bc^k appears with the announcement that the Rayon Section has 
b^n entirely revised and new sections on rayon sizing practice and the dyeing of 
rayon have been introduced. A step in the right direction has been taken by the 
introduction of a section on "Microscopy: the hairs and fibres of Commerce," and 
a page of drawings purporting to represent various fibres has been eliminated 
whilst micro-photographs of the chief "fibres of commerce" have been substituted. 
There is some difficulty in criticising this and other year books constructively as 
it is not easy to determine whether the volume is to be regarded primarily as a new 
and revised edition of a text-book or as a book giving a picture of the events and 
progress in the textile industries during the past year. If regarded as a text-book 
then the statistical and commercial portions are out of place; if regarded as a year 
book then the repetition each year of a large proportion of the volume is un- 
necessary. These annual volumes usually contain a mass of information which 
once on your shelves does not need to be duplicated and also additional matter 
each year which is also worth adding to a textile library. The combined effect is 
somewhat embarrassing. T. 

WomIl*8 Textile Directory of the MUmiifectiir^ Districle of LreUiid, Scodand, 
and Wales, with die Dominions of Australia, Canada, and New Zealand, and 
dhe Counties of Chester, Deihy, Leicester, Nottingham, etc. Published by 
John Worrall Ltd., Oldham (284 pages, price 13s. post free). 

The 41st Edition of this Directory bears evidence of the attention paid by its 
publishers to its typography, paper, and general make-up; it is much improved. 
The "Contents" page is a useful addition. This volume offers a definite indication 
of the spread of textile manufacture throughout the British Isles (exclusive of 
course of Lancashire and Yorkshire) and in the Colonies mentioned in the title. 
The series of directories of which this volume is a unit are a reliable guide to the 
industry they set out to serve. T. 

The ^^Chemical Age*’ Year Book, Diary, and Directory, 1931. Published by Benn 
Bros. Ltd., London (160 pages, los. 6d. net). 

This Year Book, which combines the other functions indicated in the heading, 
constitutes a useful directory of commercial and technical information and also 
contains a diary of the one-week-per-page type. The two aspects of the volume 
are rather difficult to combine effectively; the diary is too big for desk use but the 
page size chosen affords ample space for display of tables, etc. One leans towards 
the solution of eliminating the diary, T. 
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PROCEEDINGS 

London Section 

Lecture at the Institute Rooms ^ Newgate Street ^ London ^ Wednesday, 
yrd December 1930; Mr. A. Mason in the chair. 

NEW MOTIVES FOR TEXTILE DESIGNS 

This meeting took the form of an address and a demonstration of crystallisa- 
tions seen through the microscope by polarised light. The speaker was Mr. F. G. 
Wood, who said he was glad of an opportunity to show his work to a textile 
gathering. The beauties of crystallisation in some of its many forms had of course 
long been known, whilst through the microscope many people had becf^me familiar 
with the less common cr3^stals. His investigations had been directed not only 
towards a means of making these lovely forms and colours available to designers 
and otluT interested, but to enhance tlunr value and beauty by the use of polarised 
light. He did not think crystal forms seen thus had been explored as a source 
of designs and colour schemes. He also pointed out that the slides exhibited 
v^exv those of his own choice and might embody colour schemes not acceptable to 
all. In addition it was to he noteil that it v «as difficult to provide a large audience 
with a projected image big enough for all to see and yet sufficiently defined to 
retain the delicate shades the smaller projections revealed. A smaller downward 
projection of 15 in. diameter was available for use after the lecture. The lecturer 
then showed three series of slides, the first being those of substances upon which 
he first began to work, then those ot substances specially compounded by 
himself for this purpose and finally a series designed to exhibit the range ot 
variation possible upon any chosen theme. After the demonstration Mr. Wood 
was cordially thanked for his services 


Lancashire Section 

Meeting at tfie Institute, Wednesday, 10th December 1930; 

Mr. W. T. Boothman in the chair. 

TRANSPORT IN RELATION TO THE TEXTILE INDUSTRY 

The lecturer, Mr. A. J. Green, of the Calico Printers* Association, was intro- 
duced by the Chairman, who said that he felt sure those present would have a 
valuable lecture, as Mr. Green was a practical man and well qualified to deal with 
this subject. 

Mr. Green pointed out first how much time cotton, cither as raw material, 
yam, or cloth, spent jn transit from one place to another, from spinner to manu- 
facturer, and thence to finisher and finally to merchant and consumer. No 
other material known to industry passed over such long distances during manu- 
facture and sale. He then turned to the question of transport within this country 
and exhibited figures for the transport, by rail, of one ton of cotton from point 
B 
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to point until finally it reached London as finished goods. On a broad average 
these charges worked out at about 4d. a piece of 30 yards. The next aspect to be 
treated was the growth of direct cotton importation to Manchester since the 
opening of the Manchester Ship Canal. This was shown to have increased ten- 
fold since 1894, whilst the tonnage of raw cotton sent inland by rail from Man- 
chester had more than doubled in the past seven years. But, the lecturer pointed 
out, the difference was more marked if the road transport figures were considered 
and showed tables of comparison with Liverpool indicating the turn over from 
rail to road and from Liverpool to Manchester. The lecturer then compared and 
contrasted road and rail transport, giving at the outset a comparison of the 
obligations imposed upon a railway company and those upon a haulier which 
were entirely in favour of the latter. A table of present day railway rates on raw 
cotton from Liverpool was shown in which comparison was made with those in 
force in December 1927, and pre-war rates; it was noteworthy that present day 
rates in every case were low'or than pre-war rates. Credit for these reductions in 
rates had to be assigned, said Mr. Green, to the Cotton and Allied Trades Trans- 
port Committee. An outline was then given of the domestic transport system 
of the Calico Printers* Association as being typical of the transport systems of 
other large combines. The motor-fleet system on a properly organised basis 
could be run, at rates which compared very favourably with railway rates, at 
any rate within a radius of 40 miles from Manchester. 1 he actual costing figures 
quoted by Mr. Green, show ed that the inclusive co.st by road was bt‘tter than that 
by rail by margins as high as ‘js. 3d. in some cases and as low as is. 5d. in others, 
whilst in special instances rail charges w’ere better than road charges to the extent 
of is. lod. C^n the whole the balance was in f.ivoiir ot road transport on cost, 
whilst on .speed and convenience the advantage appeared to lx* overwhelmingly 
on the side of road transport. Two further aspects of the transport problem 
were touched upon by Mr. Green, the use of horse transport, and the use of the 
Fordson tractor. The margin of cost, said the lecturer, was well on the side of the 
one-horse vehicle, and had this not been so, no amount of sentiment would keep 
the horse on the road. The heavier loads conveyed by two horses cost about 
34s. a day, whilst the Fordson tractor returned a cost of 36s. a day. ] 3 ut the 
amount of work done by the tractor was much greater and the real balance was in 
its favour. In conclusion, Mr. Green referred briefly to the handicap under w’hich 
British exporters suffer by reason of the lower freight rates from Continental 
ports than from Liver|)ool or T^ondon. He described effects made to secure 
amelioration of these conditions but said he feared he could suggest no immediate 
remedy. Cheaper Continental working conditions and geographical advantages 
were insuperable barriers. 


Discussion 

The discussion was opened by a rcpresentati\'e of one of the railway com- 
panies, who said that he appreciated the way in which Mr. Green had dealt with 
his subject. The railway companies would not have contributed by reducing 
their rates to the help of the cotton industry unless there had been such an 
organisation as the one to which the lecturer referred. The Chairman had 
referred to traffic by road between Bolton and (Oldham and he would like to re- 
mind everyone that as the railway traffic system was organised at present, goods 
had to be sent by night. An inter-day service might be given by joining forces 
with the road companies. There was also the question of expensive packing of 
goods for export which hitherto was thought to be most necessary and was 
exceedingly well done. But cheaper methods could now be taken advantage of, 
as some of the shipping firms supplied containers for removing goods to the 
doc^s. The railway companies were prepared to supply containers which were 
not handled again until they got to the sMp side. In his motor charges he won- 
dered if Mr. Green had covered overhead charges. The Road Act would increase 



Transport in Relation to the Textile Industry i»ij 

the costs of motor transport and this would bring the scale nearer to that o1 
the railway companies. 

The Lecturer, in reply, said that he had included nothing in his figures for 
overhead charges in regard to motor transport. Simply the cost of running the 
motor. 

Another speaker said that he filso had \'ery much appreciated the lecture; he 
never missed an opportunity of listening to Mr. Green. Referring to the sheet of 
rates provided by the lecturer, Mr. Tomlinson said that in th(‘ raw cotton figures 
there was a comparison per ton between pre-war and present day, but they only 
extended to 1925, could this not be extended ? He understood that this would 
cover the horse rates and wondered if there had been a return to railway trafl&c 
from the road because of the reduced rates. He did not think that the road traffic 
could actually compete with the railway, but the latt(‘r often failed because 
they could not state a charge immediately. 

A further speaker said that he endorsed the two previous statements of 
opinion. The railway companies’ rates wt*re not flexible enough and not suffi- 
ciently on-the-spot. They could help industry and he thought they were now' 
ictilising the fact. Mill towns could now get exceptional rates and terms where 
formally all goods had to be sent at rates as from Manchester. He thought that 
great saving of time could be made by co-operatioTi between such bodies as the 
C'alico Printers* Association and the mills. For instance, cloth could be delivered 
ilirect from the mills to the C.P.A. works without having to come to Manchester 
lirsl. This aspect of transport might iiseliilly form the basis of a discussion on 
some future occasion. 

'Fhe Chairman said he was particularly interestexi in the question of direct 
ticiusport from the mills to the various finishing works. He thought that the 
difficulty in this rlirection lav m the fact that there was alw'a\'s too much secrecy 
in trade. 

Mr. F. Wright said he harl enjoyed the* l(»cture very much indeed and it would 
enable him to look into one or two ]K)ints. He thought that the railway com- 
panies w^ere now “going through the mill” so that those in industry need not be 
too hard on them since, after all, the railways wer(‘ indispensable. 

Mr. Green said that the (jueslion of abolishing the system of cloth coming 
into Manchcstci for forwarding was debated some years ago but no decision 
w^as reached as they were up against th(‘ vested intertsts of the cotton trade. 

\ h<‘arty vote of thanks was accorded to the lecturer. 


Meeting at Harris ! cclnncal Institute, Preston, z^rd January 1931; 

Mr. H. Houghton, f.P., presiding. 

Mr. James Smeaton, F.T.I., of the Manchester Chamber of Commerce Testing 
House, contributed a paper on “Spc*cifications for Textile Materials.*** The 
author referred to the grfiwth of the practice of placing of orders in terms of 
specifications, submitted a number of typical forms of specifications, and explained 
the customary tolerances involved. 

Several questions were asked and replied to. In answer to the Chairman, 
the lecturer said they had no experience of terras of specification covering down- 
proof material. 

On the motion of Mr. David Atkinson, seconded by Mr, Fletcher Chadwick, 
a hearty vote of thanks was accorded the lecturer and chairman. 

*Tli. full text of this paper will be published in the Marrh issue ot this Journal . — Editor. 
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Yorkshire Section 

Joint meeting mth the Halifax Textile Society at the White Swan Hotel, Halifax, 
on Wednesday, 14^ January 19^1- 

THE RATIONALISATION OF INDUSTRY 

This title was used by Mr. A. Saville, who lectured to the joint meeting held 
as described above. He postulated that the problems brought by inevitable 
change were part of human life; we could resist changes anti endeavour to preserve 
the present state or we might prepare for and accept changes as they came. 
Exaggerated conservatism, however, vrould not work; the methods of Cato had 
long been discredited. I'o meet change it was necessary, now and again, to sit 
down to take stork. In taking stock we should find some things and methods 
obviously antiquated and now useless. It was easy to scrap these; it was not so 
easy to decide which must be restored or reconstructed for continued use. In 
his view, said the lecturer, it was possible, by action on a reasoned policy, to 
control the production and distribution of f<iod, clothing, and shelter in such a 
way as to overcome the tide of difficulties now confronting us — it was possible to 
survive. The rights and privileges of individuals — only sanctioned by the 
community — ^must not impede our action; a new system seemed inevitable, 
based, perhaps, upon individual sacrifices. Turning to British industry, Mr. 
Saville said he would take stock therefore in .so far as he would enumerate some of 
the causes which wvre assigned the present state of affairs; these were — The 
passing of a trade-cycle; the world -war disturbance; national self-determination; 
restriction of industrial credits; obsolete monetary policy; increasing burdens of 
rates and taxes; labour policies, and many which could be summed up as internal 
administrative and technical inefficiencies. 

It was not his intention, said the lecturer, to enlarge upon all these "causes”; 
his views upon the “internal” causes he had already voiced He proposed to 
consider .some of those "external” factors of change which it was difficult and 
perhaps impossible and unwise to w ithstand Ot the trade cycle he w ould suggest 
that those who looked for such a cycle to bring us brick to normal activity and 
prosperity, should bear in mind cycles may vary in inteiusity and may become less 
pronounced in upward movement It was necessary to look up and beyond 
the cycle to discover and anticipate tendencies and tastes. Many people, said the 
lecturer, blamed the Great War for all our troubles. To the extent that the 
disturbed world would include in its reconstruction the latest and best in machin- 
ery, plant, and organi.sation, so far did tlic war contribute to those changes in 
external conditions w Inch had had their undoubted effect upon our owti industries. 
We could and must learn that our affairs were but part of a wider world and we 
must not confine our vision to our own geographical boundaries. We had 
reached a period in history when the unit in world affairs is the nation and amid 
international instability a desire for national security was natural and inevitable. 
There was danger in "w'aiting for .something to turn up” and it would appear that 
history repeated itself in that defeated countries tended to recover rapidly. We, 
too, would have to reorganise to meet new conditions. 

The existing relations between finance and industry, said Mr. Saville, would 
have to be examined . At this time of economic crisis greater flexibility of finance 
was needed; it would appear that money and banking had not shared our losses 
equally with trade and industry. The heavy calls of national and local taxation 
were a .serious burden upon industry, and prevented the building up of reserves 
for expansion and development. Turning to labour questions, the lecturer said 
that the ultimate issue was of the utmost importance. If labour, as it appeared to, 
demanded a partnership in industry, it was necessary to resist at all costs or to 
adjust our system so as to make it possible. It appeared to him that the second 
alternative was the only possible course to pursue, but this did not necessarily 
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mean nationalisation. Indeed, in the lecturer's opinion, even if public ownership 
of industry did come, it would, as inevitably pass away again before the march 
of events. 

Dealing with education, Mr. Saville urged that only by offering adequate 
opportunities could industry appeal to the educated youth. Some form of attrac- 
tion, either in the form of pay, security of tenure, etc., must be offered and in 
this respect the larger organisation or the combine was the better placed to make 
adequate openings. In regard to distribution, tlie lecturer said that probably 
none of the important industries was as far out of line with the organisation of 
distribution as was the woollen inilustry. The closest link possible between pro- 
ducer and consumer was to be aimed at and one of the most important of present- 
day problems was to find a way to balance production and public demand. If 
l^ritish textiles were ever to occupy the important i)osition in the world's markets 
they once held and which it was desired to recover, that position would be 
secured only by superiority both in product, in selling policy, and publicity. 

In conclusion, the lecturer said, ‘"The workl of to-day presents us with certain 
problems old and new. 01 the new and dillicult situations which confront us 
r have briefly outlined a number These pre.^ent a three-fold asji^ct. They are 
international (over which only the uiternationahst financier has control). They 
are national and over these the industrialist, the economist, and the financier 
tould have, and ought to have*, wider control, h'lnally they are local, concerned 
with domestic administration Over these we have and ought to exercise full 
responsibility. Whether we will or not these problems must be faced, and if we 
will they may be faced with a forward active policy. This policy must be based, 
if it is to be successful, upon a t oininon agreement and goodwill and upon a common 
interest for all pjirties concerned, an interest consisting in the welfare of industry 
(distinguished from that of private individuals or particular firms) which is ulti- 
mately the welfare of society." 


Midlands Section 

VISIT TO Messrs. WOLSEY LIMITED, ABBEY MEADOW MILLS 

LEICESTER 

On Thursday, 22ncl January, a part> of 25 members representing five Midland 
counties paid a visit to the dyeing and finishing section of the Wolsey combine. 
'T'he members were cordially received by Mr. Sidney Tyler, Mr. Breward, and 
Mr. Salt, Directors of Mc*ssrs. Wolsey Ltd. 

The members were shown the various operations required to complete for sale 
the innumerable types of knitted garments made by the company. The works 
not only handle the whole of the Wolsey products, but also act as dyers and 
finishers to the trade. The processes of scouring, milling, unshrinking, dyeing, 
brushing, pressing, and calendering, etc., were fully demonstrated, thanks to the 
able directing of Mr. Cattell, Dr. Trotman — ^who is head of the Research Depart- 
ment — and others. The members, some of whom had not seen this phase of the 
industry before, were greatly impressed by the efficiency of the organisation in 
dealing with such an immense quantity of small articles. 

Afterwards, tea was kindly provided by the Company and Mr. T. Morley, 
Chairman of the Section, proposed a hearty vote of thanks to the firm. Mr. 
Morley stated that he fully recognised the importance of finishing and also that 
he realised how easily expensive goods might be damaged or spoilt. For that 
reason, he was quite prepared to remain content to manufacture and allow 
other firms to finish his goods. Mr. Breward replied that it gave him great 
pleasure to come in contact with the Institute's members, and trusted that they 
had enjoyed their visit. 
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Meeting in the Municipal College of Tethnology, Belfast, on Ihursday, 

22nd January Mr. W. H. Webb (Randalstown) in the chair. 

SCIENTIFIC DEVELOPMENT IN THE LINEN TRADE 

The Chairman said that he had had a great deal to do with the inauguration 
of linen research. He had been close to the w ork and wa s astonished at how much 
had been accomplished. In these times wc had to be modern and up-to-date. 
Any industry that was not, or any section of the industry that was not, was a 
drag on progress, and was bound to go out sooner or later. The world was moving 
quickly, it did not wait for the laggards; it just brushed them aside. We had to see 
to it that the linen industry, on which the prosperity of Northern Ireland depended 
was in the forefront of scientific progress, not only in technique, but in administra- 
tion and in selling. He was glad to call upon I>r. W. H Gibson, Director of Ihe 
Linen Industry Research Association to deliver the lecture 

In opening, the lecturer stated that although the linen trade belonged to the 
group of industries in the pre-war period in which scientihe research was an 
external interest, it was one of the first industries in the United Kingdom to 
establish a research association. The work of framing a policy for the conduct 
of research was essentially difficult At that time the ))()st-war tremd of the 
trade was unknown, but it was accepted not without rc'ason that afti'r the excep- 
tional trade conditions during the war a stead di'iuand for linen would return 
and trade would soon settle down to pre-war normality. UndeT these circum- 
stances problems of production were given places of priority 111 the programme of 
research drawm up which, had it been possible to visualise the post-w^'ir conditions 
accurately, might have been given to problems of distribution As a result of the 
research work undertaken on the raw material side, science has not only accom- 
plished the task of assuring to the trade its supplies of flax in the guise of new 
pedigree strains, but it has got ahead of the full use that can be made of its work 
owing to the present economic condition of arable farming. At the prcsimt iimv, 
assistence to the farmer towards more profitable utilisation of pciligree strains is 
having the close attention of the Research Institute and a full-scale jn\ e.stigation 
of retting and scutching has been undertaken. It is hoyied that sy'^stcmatic work 
in the flax factory, built and operated by means of a special Government grant, 
will establish the value of alternative methods of fibre production and so enable 
the succes.sful growing of flax to be linked up with the provision ol suitable flax 
fibre for the spinner at an economic price. The object of research on spinning 
has been to produce the best possible yam with the minimum of waste. Mucli 
information has been gathered which indicates that slight adjustments or modi- 
fications in machines and skilful distribution among the senes of machines used 
of the work to be done in breaking down the fibre strands into liner elements 
may result in better yam and improved yield. In alterations resulting from 
research such as the introduction of satisfactory alternative machinery^ the total 
effect rather than the intermediate has to be regarded as the deciding factor, 
owing to the dependence of one process on the other. In the weaving process, 
as in spinning, scientific development appears likely to take the Ime of building 
up upon the sound foundation already laid rather than that of making sweeping 
alterations. Improvements are being introduced which result in cloths of greater 
perfection and durability. The bleachers and finishers as a whole have fully 
realised that their somewhat delicate operations need the strictest scientific 
control and the result is that they have reached an unprecedented high standard 
for speed, safety, and economy. The lecturer considered that the lintui trade has 
good reason to congratulate itself upon the scientific manner in which it has 
investigated its market and the requirements of its customers. The trade does 
not dictate to the users the form of style of linen witfh which they c<in be supplied, 
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but by means of such organisations as the Irish and Scottish Linen Guild consulth 
the good taste of its customers, listens to their suggestions and does its best to 
satisfy their requirements. Policies of this kind mean plenty of research work, 
cither for the individual hrm or the research associations or both and are now 
general among the members of the linen industry. In fact it can be seen that the 
view-point of the industry has been completely changed as a result of the trend of 
trade during the last ten years. Research work now should really originate at 
the selling end with the requirements of the user, and it^ is for members of the 
Association to bring the requirements of consumers before the Research Associa- 
tion, when steps can be taken to gi\e them the utmost satisfaction. 

Although the necessary organisation for co-operative and individual research 
is now well established, it is felt that in order to reap full advantage from scientific 
development, the application ol scientific method to management problems and 
a sustained effort to apply analysis, cxpcrimonl, and measurement to the problems 
of industrial control are necessary. This fact has been driven home by the report 
of the Irish and Scottish Linen Industry Delegation on their visit to the U.S.A. and 
( anada in 192(). Jt w'as cleai ly pointed out that a special type of standardisation 
was necessary to the industr}* which would not be carried to such lengths as to 
‘lestro}^ the elasticify of the processes and the individuality characteristic of linen 
gocKls. The work of the stylist r(‘gard(‘d as necessary by the delegation is of the 
research type and should be undertaken with some appreciation of scientific 
method. The subject of technical education is also one ol very considerable 
importance. Scientific technical education has been greatly encouraged by the 
I'extile Institute and it is expected that the policy adopted by this Institute will 
increase the proportion ol suitably 1raiiH*(l men in the linen and other textile 
industries. The training ol salesmen has not been neglected by the linen trade 
and courses of instructions have been arranged on salesmanship and on manu- 
lacture. The problem ol traming young men for positions of responsibility in 
the industry has yet to be solved and in this the help of the Queen’s University^ 

( onimerec Faculty ought to be secured. 

d he full advantage ol scientific development in the linen industry or any other 
Jiidustry cannot be obtained unless scientific midbod is used in matters beyond its 
I'ontrol. 'fen y’oars have been sp(‘nt in the si'ientific development of most of the 
mdustnes of the country as individual units, but it has been taken for granted 
b\' those res]ionsible that the general framewwk of industry was perfect before 
tJjc dislocation ol war A research association for the application of science to 
banking and exchange would appear to be necessary to train bankers to meet 
present-day (conditions. A scientific mvestigation of the supply of gold in relation 
to the volume of transactions financed over a considerable period of years might 
give some indication of a way to keep the fluctuation of price measured in terms 
of gold wdthiu more reasonable Imiits. The lecturer likened the gold standard 
to a concertina which is pushed in and out to the accompaniment of howls of agony 
Irom capital and labour alike. 'Ihe advantage to the Imeu trade of fitting a 
d(*cimalised jiound-florin currency to the doUar-cent currency by adjustment of 
the value of the pound was pointed out. The lecturer summed up by saying that 
the linen trade is now well organised lor scientific development upon the technical 
side and that upon its administrative and commercial side it is approaching its 
many problems in a sensible and scientific spirit. If external economic con- 
ditions are made more favourable as a result of the efforts of the State and 
other outside organisations tlu* linen trade can go forward confidently to a 
Hoserved prosperity. 

A lengthy discussion followed and on the proposition of Mr. Campbell a hearty 
vote of thanks was passed to the lecturer. 
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NOTES AND NOTICES 

Institute Employment Register 

A list of members offering their services for employment appeared in our 
October issue. Further registrations have since been effected, and full par- 
ticulars of qualifications an<l experience of candidates for posts may be obtained 
by interested employer.s on application to the Institute, quoting the registered 
numbers. The following announcements refer to the additional *tegistrations — 

No. 49 — A.T.I., age 29, seeks appointment as Cotton Mill Manager or Avssistant- 
Manager. Several years* experience as Head Mule and King Over- 
looker. 

No. 51 — Experienced Manager, age 37, 20 years’ experience, winding, spooling, 
balling, piming, and cop inathines — for sewing yams, etc. Tech- 
nical knowledge of testing and analy.sis of textiles. Desires change. 

No. 52 — Spinning Overlooker, age 26 years, desires progressive position as 
Head Spinning Overlooker or Spinning Master. Mules and ring 
frames. All <iunlities from .soft wefts to crepe yarns. 

No. 53 — Cotton Spinning ^Vlill Manager seeks post; 21 years’ experience on 
the Cxintincnt. Knowledge ot Russian, (German, Polish, and French. 

Textile Institute Diplomas 

Elections to l^ellowship and Associateship have been completed a.s follows 
since the appearance of the previous lift (November issue of this Journal) - 

FELLOWSHIP 

MASON, Herbert (Dresden, German v). 

ASSOGIATESHIPS 
GEE, Norman Cecil (Shiplev) 

WATSON, David Alexander (Paisley) 

WALKER, Eric (Nottingham). 

HILTON, Frank (Chorley). 

PATTERSON, George Scott (Matlock) 

BRUNSKILL, [oseph Haighton (Burnley). 

WHirrLE, John (Bolton). 

CANTRELL, Harold (Binglev). 

JACKSON, Roy (Stalybridge) 

Institute Membership 

At the January meeting of the Council, the following were elected to Member- 
ship of the Institute — A. 1 C. Aspinall, 4 Cumberland Stieet, Alanchcster ( 1 'extilc 
Machinist); W. N. Bacon, Sindall & Bacon, 27 Walbrook, l.ondon E.C.4 (Consult- 
ing Chemist); S. ('. Carse, 5 Ashlield Crescent, Glandore Avenue, Belfast (Linen, 
Dept. Manager); E. J>enham, 303 Shaw' Road, Oldham (Stripper and Grinder); 
G. Dowling, ro8 Cromwell Road, l^atricroft, near Manchester (Apprentice Textile 
Fitter); C. W. Ewing, Oo Manor Road E, Toronto, Ontario, Canada (Chemical 
Engineer); H. Franks, ii Hainworlh Road, Woodhouse, Keighley (Weaver’s 
Company Scholar); H. Livingston, jun., 65 Queen Street, lAirgan, N. Ireland 
(linen Factory^ ManagcT): W A Marsden, 12 R5*dal Terrace, Jeremy Lane, 
Heckmond wike (Manager's ('Icrk, Carpet Yarn Manufacture). 

Membership of the Institute 

When it was decided to issue a preliminary announcement in regard to the 
Coming-of-Age Celebrations, it was agreed that the importance of securing a 
substantial increase in menjbership of the Institute during this particular year 
should be emphasised. The "Majority” year of the Tnstitule falls at a time of 
great economic strain, but this circurastaiH e only makes it the more* necessary 
that every possibh* effort should be put forth to promote' the ad\’anccmcnt of 
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the organisation both in status and numerical strength. The fact has to be 
admitted and deplored that the Institute has already suffered some loss in member- 
ship as a direct result of the conditions of industrial depression, but it is neverthe- 
less quite remarkable how the increase of membership has been maintained over 
many months past. At each meeting of the Council of late the list of applications 
for membership has been persistently extensive. The scheme of qualification of 
members by election to Associateship or Fellowship has produced substantial 
results. Whilst the continental increment of new members is satisfactory, 
nevertheless it is felt that at no time has the urgency for extended membership 
been so great as during the present yc'ar. 

Coming -of -Age Celebrations 

Although many members of the Institute have not, up to the time of writing, 
forwarded intimation as to the probability of their attendance at the Institute 
('oming-of-Age Celebrations (22nd to 25th April), yet the number of acknow- 
ledgments received may be said to be indicalhe of a satislartory response. It 
IS to be remembered that the circular already issued to menibeis was only in the 
nature of a preliminary canvass, and it is fully expected that on the issue of the 
final circular a reallv substantial measure of acceptance* ^\ill result. Approxi- 
mately £4^0 had becui received within^ ion days of the issiii* of the preliminary 
circular in favour of the special Celcdiratioiis Fund. The Committee is most 
hopc'fnl that many members will yet assist the* fund. It is hoped, indeed, that 
a sum of about ^^'150 will be seemed. A large* imml)er of invitations to i epresenta- 
tives of \ arious organisations vcill bo necessary on an occasion of tins kind, and it 
IS ill Older to meet the expense ol hospitalit\ that the special fund has been 
opened. It has been decided not to issue any list of donations in order that 
members generally may be free to remit c'vcn cpiitc* small donations. 

REVIEWS 

The Preparation and Weaving of Artificial Silk or Rayon. B> T. Woodhoiise. 

Published by Sir Isaac Pitman dc Sons Ltd. (los. Od. nett, 231 pages.) 

The* author, in bis introduction, eiu])h.iSises the impc^irtance ol well-made knots 
in layoii yarn and recommends the use ot mechanical knolters. It is practically 
impossible to produce a wcll-wo\en rayon fabric from yarns which contain a 
large* number of badly made knots and it is fitting that this subject be introduced 
m the first chapter of the hook. C'hdpter 2 deals with the reeling of yarn into 
hanks and also with the production of folded yams. Cha])ters 3, 4, 5, and b 
<irc* devoted to winding from hanks into various ])nckagos. Some good illustrations 
of the latest type ol swift are introduced, followed by descriptions of modern 
machines for winding fiom hanks to bobbins, clieeses, and cones. Some 85 pages 
of the book are filled witli information on the process of section warping and the 
subsequent beaming. 'I'hesc operations are described in detail, with calculations 
showing methods of dividing the warp into sections. Detailed descriptions of 
British and Continental machines are given with calculations on wheel gearing. 
Much practical information is included and this part of the book will Ixi of interest 
to those actually engaged in the operation ol w^arping. In C'hapter 12, the author 
discusses the properties of rayon in relation to sizing and gives a genera] idea 
of the substances used. Some good micro-photographic illu.strations of sized 
and unsized yarn are included. The various methods of sizing rayon* yams are 
bnefly described, but a whole chapter is devoted to the process of sizing from 
beam to beam, this lieing regaided as the most important system. Three types of 
machine are described in detail. In the chapter on weft winding, three of the 
latest pirn winding machines are described. The last chapter, dealing with the 
actual weaving of artificial silk, is limited to 24 pages, describing briefly a few 
of the latest looms. I'hese descriptions serve a useful purpose in showing on what 
lines these special looms are conslructed. Considering the importance of weaving, 
the space devoted to it is small compared with, say, 85 pages on warping and 
beaming. The author might, with advantage, have introduced some matter on the 
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general principles to be observed in weaving rayon, as compared with co^n, 
worsted, etc. The book is well illustrated with photographs and line drawings, 
but it is felt that the average reader would prefer simple diagrams of machinery 
to intricate scale drawings, which are often difficult to follow. The machinery 
employed in the preparation of artificial silk yams for warp diliers from that used 
for cotton and as few firms engaged in the weaving of cotton and rayon fabrics 
possess the necessary plant, it is desirable that those engaged in the weaving of 
rayon should have at least a general idea of the machines and processes involved 
in the preparation of such yams. 'J his book supplies such information, its price 
is reasonable, and it should also be of value as a students’ text book. J.S. 

The Manufectisre of Artificial Silk. 1^* Wheeler. Chapman ct 1 lull. 2nd 
edition. (12s. 6d.) 

In the foreword Sir Wm. H. Pope suggests that the development of artificial 
silk has been retarded by the meagre scope of our chemical knowledge of the 
various forms of cellulose and that progress has lieen achieved largely through 
means of tlie trial and error type. Whatever methods may have been used seem 
to be fully justified by the great strides which have been made in the manufacture 
of artificial silk during the past ten years. Artificial silk has been produced in 
such a degree of fineness of filament that no silkworm or spider could compete 
with and of such a high strength as to surpass real silk and compare with higli 
quality steel. In the first chapter the history of artificial silk is dealt with, 
a short account being given of developments up to fairly recent date. Chapter II 
gives a concise account of the chemistry of cellulose so far as it relates to artificial 
silk, but contains no information of more recent date than that given in the first 
edition. Chapter III gives a clear but concise account of the practical methods 
of making viscose, with several new illustrations, and also describes methods for 
recovery of caustic soda by dialysing processes. Chapter IV deals with the 
spinning of viscose silk and describes plant and machinery employed for the pur- 
pose. The composition of spinning baths as described in a few important patents 
is given. Chapter V describes plant machinery and methods used for the pro- 
duction of ordinary grades of artificial silk from viscose. Chapter VI gives a 
concise account of the cupramnionium process for spinning artificial silk by the 
ordinary and the stretch-spinning process and gives sketches of plant used whilst 
Chapter VII deals with tlie nitrocellulose process and (chapter VIII with the wet 
and dry spinning ol cellulose acetate silk, including illustrations of modem plant. 
Chapter IX gives a short account of other processes of interest but not of much 
practical importance. Chapter X deals with the lustre, colour, and optical 
properties of various kinds of fibres with various illustrations showing the cross 
section of fibres, including that of hollow silk. The impoTtance of softness and 
suppleness is explained. A table is given showing the strength of elasticity 
of artificial silks, including the so-called Lilicnfeld silk. The chemical properties 
of the various kinds of artificial silk in relation to water, alkalies, acids, and salts 
are enumerated and a short account of Herzog’s current views on the action of 
water on artificial silk is given. Chapter XI deals with the dyeing of the various 
kinds of artificial silk in a concise manner and gives recent information published 
by Courtaulds on the level dyeing of viscose. Chapter XTT describes the various 
uses to which artificial silk is put and Chapter XIII the manufacture ot miscel- 
laneous products such as staple fibre, hollow fibres, and artificial wool. (Chapter 
XIV deals with tlie economies of the industry and gives statistics of production 
up to 1929* In the appendix useful information concerning methods of analysis 
is given. The new edition contains vaiious additions to the subject matter 
and illustrations. A good collection of references is given, with each chapter, 
to the literature available on the subject of artificial silk. W.H. 

Theory and Electrical Drive of the Loom. R. H. Wilmot, M.Sc., A.M.I.E.E.. 

Assoc. A.I.E.E. Published by Sir Isaac Pitman & Sons Ltd. (144 pp. 8s. 6d.) 
This book is based to a large extent on three papers published in the Journal 
of the Textile Institute for January 1928, June 1928, and October 1929, but the 
analysis given in these papers has been extended and completed in this book. 
The author claims to have developed, both mathematically and experimentally, 
a general mathematical theory of the loom. This is a somewhat exaggerated 
statement, since such important loom actions as shedding and letting-ofE are not 
considered, the book dealing only with the parts which are mainly responsible 
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for the consumption of power. The first six chapters are devoted to working 
out mathematical formulae for the power required to drive the loom, the motions 
of the sley and shuttle being analysed with this end in view. The calculated 
time for starting up the loom and the calculated speed variation during normal 
running are the subjects of the next tw^o chapters, whilst the last contains a brief 
description of present-day practice in the electrical drive of the loom. It is a 
pity that the took is marred, on the one hand, by a somewhat superficial know- 
ledge of the loom and, on the other, by the use of incorrect assumptions and in- 
accurate data in the mathematical part of the work. The first is perhaps natural, 
since the author is an electrical engineer, but it proliably leads him to consider 
the loom more as a machine to be driven than as one for producing cloth. He 
claims, for example, on page iii that the redu(‘od speed variation of the loom 
when individually driven by electric motor results in an appreciable increase in 
the loom output, as compared with a liiieshaft driven loom. It does not necas- 
sarily follow that the loom with the lowest speed variation will have the greatest 
production, or turn out the best cloth. Again, it is difiicult to excuse the state- 
ment on page 46, in the mathematical analysis of shuttle motion, that “the shuttle 
is accelerated by the pres.sing back of a strap at the end of the shuttle arm which 
is released suddenly when tight, thus tatapultnig the* shuttle across the loom.” 
The other fault is a more seritms one. A typical example^ ol Ikjnv tht» author is 
led astray at times by wrong assumptions can be seen in Chapter TTl, dealing with 
shuttle motion. On page 54 ht* assumes that the acceleration of the shuttle takes 
place between 90 and izo degrees after beating up. On pagf 58 he assumes also 
30 degrees of crankshaft movement diinng shuttle retardation. 'Ihe result is 
that the distances moved by th<‘ shuttle of a loom ot 1 20 inches r(‘ed space during 
acceleration and retardation (Tables XX and XXII) work out to 1*898 and 
I *768 feet respectively. The total length of sley, allowing for pickers, etc., would 
be at least 185 inches, w'hereas in practice the sley length would be about 172 
inches only. The period of 30 degrees for acceleration is far too high for wide 
looms. As a result, the cfilciilated values ol shuttle acceleration are too low for 
wich* looms and since the calculations of power for the shuttle are directly depend- 
ent on these values, the power \ allies are inaccurate. The power for the shuttle 
is one of the main factors in determining the si/.e of driving motor reijuircd and 
this error probably explains why the size of motor calculated by the author, 
1*10 h.p. (Table XXXIIT) would generally be replaced 111 practice (see page 126) 
by a motor of about 1 *5 h.p. 

'J'lie eflect ol using inaccurate dimensions and weights is seen in the calculated 
acceleration time for a loom in Chapter V. On page 05 the etloctive weight of 
the moving ])arts ol a loom ot 100 imhcs reed space is taken as 8 lb. This would 
be too low for a loom of only ,p) inches reed space. The result is that the calcu- 
lated acceleration period of 83 degrees of crank moi ement is certainly Itx) low; 
it would probably be at least double this calculated value. The values of speed 
variation calculated in Chapter VI are similarly of very doubtful accuracy. It 
IS true that the author states on page 8g that his values “do not necessarily hold 
good for all looms of the reed spa<'e givtui and that each specific case should be 
considered individually.” But he does claim to have based his calculations on 
average plain cotton looms of average dimensions and weights of loom parts. 

The mathematical part of the work is extremc'ly well carried out, and for that 
reason the book is valuable. The treatment is advanced and will be beyond the 
scope of most students of textiles, but it should prove of use to the designers 
of loom motors and to loom designers. The author is on sound ground in the 
final chapter, dealing with the diflerent types of motors and the methods ol trans- 
mitting the power from motor to loom and it is this chapter that will appeal most 
to the textile reader. The book is well illustrated with diagrams, but. the price 
seems high considering the size of the book. W.H. 

Mikrotkoinsclie iiiacliaiiiscli«*techiiische Textiluntenuchungen. Von P. 

Heermann and A. Herzog. Pp. 451, viii, 314 figures. Third edition, 1931. 

Julius Springer, Berlin (32 Marks). 

A striking peculiarity of this book is the lack of reference to the work and pub- 
lications of other countries besides Germany. This is perhaps less inconvenient 
to an English than to a German reader, but it has the cltect of reducing the value 
of the book as a work of reference. The book is divided into two parts that are 
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80 distinct that it is surprising that they should have been combined at all. 
Though the intention has apparently been to write a book that shall cover all 
the work carried out in the ‘'physical*' laboratory of a works or institution 
devoted to textiles, it would probably have been better to issue the book in two 
parts, having regard to the cost of the book as a whole. The first part of the 
book is similar to A. Herzog’s “Die Mikroskopische Untersuchung der Seide und 
der Kunstseide,” except that the scope is much wider, dealing as it does with 
all the various textile fibres. There is. nevertheless, a certain lack of balance 
in the treatment. For instance, much space is devoted to the embedding of fibres 
for section cutting, but only scant notice is given to the actual cutting operations. 
Yet the latter Ls quite as important as the former, and is never adefiuately treated 
in the current literature while embedding methods are frequently described in 
detail. Again the methods of top lighting which are so useful in examining the 
surfaces of fabrics for faults are dealt wilSi very summarily. However, there is 
much useful data on the morphological and micro-chemical properties of fibres 
summarised in the tables, and the photomicrographs used in illustration are of 
the highest quality and are very well reproduced. The second part of the book 
deals with a miscellaneous collection of tests applicable to textiles, which can only 
l>c briefly described by an omnibus title such as that given by the authors. The 
subjects treated range from relative humidity measurements to periodicity 
determinations with the “Lunometer” and include descriptions of tensile tests, 
fibre diameter and staple length, fabric analysis, porosity, waterproofness, and 
other similar tests, together with useful diagrams and data relating to these tests. 
Though there is a good subject index, there is, unfortunately, no author index. 
However, the book can be recommended as a l onvenient reference work to the 
current German practice and literature, for many of the references are not readily 
accessible to English readers in the original publications, and, within its limits, 
the subject matter is clearly and accurately stated. J.M.P. 

The Woad Plant and its Dye, By J. B, Hurry, M.A., M.l). Publislu'd by the 

Oxford University Press, 1930 (pp. xxviii, 328. 21s.). 

The late Dr. J. B. Hurry, according to a memoir which prefaces this book, was a 
physician of Reading possessing wide and varied interests, amongst others, in 
medical and economic lK)tan3^ lie cultivated in his garden many plants of 
economic value, including the woad plant. This circumstance, combined with 
the fact that Dr. Hurry was also a historian and student of economics, accounts 
for the compilation of this work which is a study from an international point of 
view of the woad industry. * 

The woad plant as a dye is now of no practical value to dyers, although it is 
interesting to notice that a very small dtunand still exists for its use in the woad 
fermentation vat when dyeing indigo. Dr. Hurry, however, does not confine 
himself to the use of woad in dyeing, but has endeavoured to survey the subject 
from as many points of view as pos.sible. He deals with the plant from its 
botanical aspect and in considerable detail with its cultivation and with the 
manufacture of the woad, whilst the woad vat and its chemistry is only dealt 
with briefly. The use of woad in the fine arts, in herbals, in therapt'iitics and the 
philological study of the word “woad” all have their separate chapters. 

It is, however, to the economic history of the woad plant, to the laws and 
decrees of the ancient crafts and gudds and to the study of the conditions of trade 
and industry existing in the Eunqie of the Middle Ages that the author pays the 
most attention. A most interesting talc he has to tell of the rise, ])rosperity, and 
decline of a one-time great and imjxirtant industry. We are shown the con- 
ditions of trade in all the chief countries of Europe, we follow the great trade 
routes of the Middle Ages across the Continent, study the laws, regulations, and 
conditions of trade of many lands for nearly two thousand years, from Caesar's 
commentary on the woad stain used by the ancient Britons to Napoleon’s decree 
that woad was to be cultivated over the whole of France. 

This one time jirosperous Cxintiuental industry is now but a memory kept 
alive by two surviving woad farms in England. There is a lesson and a warning 
here, for although far removed from the Middle Ages we are still governed by the 
continually changing conditions of progress and the Ifirth of a new idea to-day 
may sound the death knell of a great industry to-morrow . L.G.L. 
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In tlu prtpaiation oi textile spe t iheatienis the first t onsult ratieni should be 
the aetual reejunemt Ills oi tlu bu\ti togetlui w ith an a]>])rtcntit)n of the general 
liiintations oi textile miteiials Sueh eonsuhi ition will cnsuit eallmg foi the 
most suitable anti stiMeealile niateinil loi the partiiular purjiose ftir which it is 
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quilts ol similar weight and serviceability, but which ditter somewhat as regards 
the balance of threads per inch and counts of warp and weft yarns. The best 
procedure to adopt with such materials is to specify the weight, threads per 
inch and yam counts of a particular cloth structure, but to permit alternative 
constructions provided the weights and qualities of the finished fabrics arc 
substantially equal. In the case of various drills, twills, calicoes, ducks, and 
sheetings, even when the same number of threads per inch are used, it is not 
unusual to find that manufacturers work to slightly different balances of w'aq^ 
and weft counts. This, of course, should only be permitted so long as the 
material is of the required strength, and is a reasonable match for the standard 
sample in appearance and “handle.'* 

All specifications should clearly indicate tlu‘ melhcKls of testing to be em- 
ployed in determining their various requirements, and when necessary, the 
condition of the material when the determinations are made. C'areful considera- 
tion should be given as to how and by whmn the specifications will be interpreted 
and the tc.sts applied in actual practice . When, as not infreciuently happens, 
the testing and final adjudication is made by someone not possessing a thorough 
knowledge of the manufacture of the materials, it is es.sential that tolerances In* 
laid down for practically every detail in the .specification. In fact, generally 
speaking, all specifications should place a limit in at least one direction on eacli 
of the various details specified, \vhile lor some materials it is imperative that 
both maximum and minimum tolerances should be specified. The (juestion of 
tolerances, however, demands very careful consideration, both as to what is 
wanted or not wanted by the user ol the material, and as to the various limits 
imposed by the usual processes of spinning, weaving, and finishing. In specifica- 
tions for either yarns or fabrics, it is advisable to refer to a standard scaled 
sample, since there arc many characteristics such as colour, “handle,” regularity, 
and freedom from faulls, which cannot adequately be expressed in the terms of 
a specification. 

SPECIFICATIONS FOR YARNS 

The usual requirements of a yarn specification are that the material mu.st 
conform to certain particulars in re.spect of composition and qualit}', moLsture 
content, criunt, strength, direction of twist, number of turns per inch, and ply 
in the case of folded yarns. 

Description, Quality, Colour, Regularity, and Freedom from Faults 

The introductory clause to the .specification should describe the matenal 
and call for it to be equal to a standard in respect of ijuality, colour, regularity, 
and freedom from faults. When the yarn is processed, reference will also require 
to be made to the finish. In order to compare the yarn from deliveries w'ith the 
standard samples, the material should be wound on black boards or black cloth- 
covered drums. 

Moisture Content 

It should be specified that weights will be determined and adjusted on the 
recognised standard moisture “regain** basis for the material in question. It 
may also be necessary in certain case.s, where there is a danger of mildew develop- 
ing, to state that yam which contains more than a given amount of moisture 
will not be accepted. The following is the method employed to determine the 
moisture content - 

Each sample to be tested should ha\e a weight of i to Uis. The sample 
is first weighed and is then placed in the cage of a drying oven. In the cas<* 
of yam in hank form the hanks are hung on the oven cage, but if in the form of 
cops, bobbins, or cheeses, the yam .should either be cut off and opened out, or 
rjBcled into hank form, to facilitate a quick and thorough drying, llie drying 
temperature should not be lower than 212® F. and not higher than 230® F.; 
a suitable temperature being 220® F. The .samjDle is weighed after it has l>een 
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in the oven for a period of 45 minutes, and subsiecjiicntly at intervals of 15 minutes 
until the weight is found to have remained constant for three successive weighings. 
Samples which are known to be very damp may be left in the oven for 1 to i J hours 
before the first oven weighing is taken. From the difference between the initial 
and final weighings the percentage of moisture is determined and the correct 
condition weight of the yam calculated on the recognised standard “regain" 
basis. 

Counts of Yam 

Two methods may be specified tor determining the count of a yam — 

Counts in Correct-Condition — When this method is employed, the tests are 
carried out on the sample which was used for the moisture determination. After 
the sample has been weighed, it is reeled and the length measured. The sample 
is then dried and the bone-dry weight ascertainc(i . To the ascertained bone-dry 
weight is added the standaril moisture “regain," and from this correct-condition 
weight and the length, the correct-condition counts are calculated. 

Counts after Reeling — The usual method employed to ascertain the yarn 
counts is to reel the material into leas or skeins on a wrap reel and to weigh them 
after so reeling. The yarn should be conditioned before w'cighing lor at least 
six hours in an atmosphere of from 65% to 70*’,, R.ll. to ensure its containing 
the recognised amount of moisture. Care should be taken in reeling to ensure 
the yarn being kept at a uniform tension, and the wrap reel should be run at 
a speed of approximately J50 revolutions per minute when reeling from hanks, 
and 2ZO revolutions per minute w'hen reeling frtun cops or ring tubes. 

Keels should lx* provided with collapsible arms, .so. that the yam is not 
strain(‘d w hen it is being removed from the reel. I his is of particular importance, 
since the same leas or skeins which are used for the count determination are, in 
the case of cotton and woollen yarns, usually used for the strength tests. At 
least 10 leas or skeins shtiuld be reeled from to <Ufferent hanks, cops, bobbins, 
or tubes, etc., and the weight of each lea or .skein determined, first separately 
and then collectively, by means of a sensitixe chemical balance. The count is 
a.sceitained from the total weight of the 10 leas, but the individual weighings 
provide a check on the results and also indicate the variation which exists from 
lea to lea. Count tolerances are fretjuently (| noted in yarn specifications, and it 
is not unreasonable to expect cotton, woollen, and linen yams to have an average 
count not varying more than above or below^ the specified count. 

Strength 

The strength of yarns may be ascertained either by the lea or by the 
‘'ingle thread method of testing. In both cases tlie yarns should be conditioned 
in an atmosphere of from 65% to 7o‘;'„ R.ll. for six hours before' testing, 
<nul the specification should state the ty]>e and capacity of testing macliine 
which will be used, and the speed of traverse of the pulling jaw. The strength 
specified should be the minimum which will be accepted, and for this reason 
should not be fixed too high. In certain specifications where yams of regular 
strength' are required, it is not unusual to find the strength regularity specified. 
This is obtained from the single thread strength results, the difference between 
the mean strength and the sub-mean strength being expressed as a percentage 
of the mean. 

Direction of Twist 

The direction of twist should be specified, and so that standard terms can be 
applied in all yam specifications, it is advisable to describe the twist as “right- 
hand" or “left-hand" rather than “twist way" and “weft-way," as is the general 
practice in the case of cotton yarns. In a “right-hand" twist, the yam when 
held vertically shows the spirals or twists to incline upwards in a right-hand 
direction, and in a “left-hand" twdst the spirals or twists are seen to incline 
upwards in a left-hand direction. 
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Ttirnft per Inch 

In testing the turns per inch in a single yarn each of the lo hanks or cops, 
etc., from which the counts and strength tests have been made, should be tested 
on one inch lengths of yarn. At least five tests should be made from each sample, 
making a total of at least 50 tests. In the case of folded yarns, it is usual to 
carry out tlie tests on 10 inch lengths of yam, and at least 20 tests should be made. 

Other Special Requirements 

If is necessary in the case of certain yarns to call for such special require- 
ments as the “percentage of the mixture” in union yarns, “freedom from, or 
percentage of foreign matter or grease,” and “the fastness of dyes.” Since the 
methods of making these detemiinations are the same for yarns as for fabrics, 
they (an be considered in detail when dealing with s])ocifications for fabrics. 

SPECIFICATIONS FOR WOVEN FABRICS 

Specifications for wenen talmcs should call for a material to conform m 
certain respects to all or a number of the requirements cU'tailed below^ 

Quality, Texture, Colour, Design, and Finish 

The tirst retjuirements oj a fabric specification should be that the material 
beecjual to<i standard samplem respect of (]ualit\ and texture, and, when n(*cessar\ , 
as regards colour, design, and finish. 

Composition 

J'he composition should be specified, jmi Liculail\ when union materials iire 
called lor. When the i omposition of the waip yarn dilfcrs from that of the 
weft yarn, this should be dcarh stabxL 'fhe usual ( ht*inical, niK'roscopical, and 
dissection methods should be emplov(‘d to determme the comj>osition 

Width 

For certain mabTials a minimum width must be called lor, wh(*M*as loi otluns 
an average width with a maximum and minimum tohTance mav be spec ihed 
It should l>e possible in the manulaeture of most labrics t(j work to a tolciance ol 
above or below' a sjiecifii'd width. 'I'he avciage width of a piece should 
be d(‘terminod by measuring in at least fi\e dilicreiit placets throughout the length 
Each measurement should lie made with the material laid flat on a labfi' wilh the 
tension released. 

Length 

It is Irecpientlv necessar) to state the mmimuni length of pieces to be supplied, 
since short pieces arc often nneconomical where the fabric is to bt' used as a 
component part in other prociiu ts. 1 he most satisJactory method of ascertaining 
length is to measure the pieces b\ pulling them o\er a ^ or *5 \ ard table. 

Weight 

The specitication .should either gi\e a miniimiin weiglil or specif v .in average, 
with a maximum and minimum tolerance. Although, generally, a bu/cr will not 
object to extra weight, there are some materials in which strong exception is 
taken to a too heavy fabric. The weights should ordinarily be determined from 
the weight, lengtli, and width of at least 10% of the pieces. In cases of dispute, 
samples should be tested for moisture, and the weight adjusted on the recognised 
stcandard moisture “regain” basis. With regard to tolerances to be permitted, 
this depends upon the type of material, and also as to whether it is a loom-stale 
or finislied fabric. It is considered, however, that even in the most variable 
material, the tolerance in w’eight below that specified should not exceed 5%, 
and in many fabrics should not exceed 3 per cent. 

Foreign Matter, Dressing, or Filling 

, The amount of foreign matter should be specified, but unless a pure finish 
is required, a fairly considerable tolerance may be allowed in this respect, pro- 
vided the finish and “handle,” w'heii of importtince, and the pure weight are 
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satisfactory. The usual method employed to ascertain the amount of foreign 
matter present in a materiAl is by repeatedly boiling the sample in water until 
all the foreign matter is removed. It is sometimes necessary, particularly in the 
('ase of bleached or filled fabrics, to add some substance like diastafor to facilitate 
the solution of the starch. The sample is weighed in a bone-dry condition, before 
and after reintival of the foreign matter. 

C; reuse 

In certain woollen fabrics it is necessary to specify tlie inaxinuini grease 
content ; the amount of grease pre sent in the material being determined by means 
of an ether extraction. 

Threads per Inch 

I he threads per inch in a fabric should be specified either as a minimum oi 
M ith a ])lus and minus tolerance. The extc'iit of the tolerances will again dc*pend on 
the class cd fabric, and also as to whether it is a loom-state or a finished material. 
It IS, however, not unreasonable for the average run of fabrics to permit a toler- 
rince below that s])ecified of not more than lor warp threails and j)”,, for 
weft threads. The threads per inch should be asciTtained from the count of at 
U .ist lo'/o of the pieces in a deli\er\ , and each ])iece should be coiintc'd in at least 
tiMi (lilt(‘rent places in both the waip and the well direction. No weft countings 
-hould be made at a less tlistaiic<' than 'jf yards from the end of a pic*ce, or warp 
loiiiitnigs at less than z inches from the sel\ edges. In eounting the threads per 
iiK h, the actual number of thn'ads aii<l parts ol a thread per inch should bi‘ 
Mjimted as such, so that, in the case ol the warp, the ascertained threads per 
hkIi multiplied by the w'ldtli of the cloth will gi\e as nearly as possible the* total 
number of ends in the warp. It is necessary to (*mphasise this, sinee other 
iiK'thods are sometimes employed. In oiu* of lhes(‘, eai li thread or part of 
a thread whic'li can be se(*n W'hen a one inch glass is ]>laci‘(l on the eloth is counted 
as one thrc'ad, and by another method only whole threads an* countid and part 
threads ignorc‘d. The ordinal \ onc-inch glass should be (juite satisfactory lor 
t he < ouiitiug ol the general run ot fabrics, but foi veiyo})en labricsit is sometimes 
• Icsiiable to (ouiit the threads per three me lies. 

'riiickness 

hor man> fabrics which arc* to be usc*d for rubberising, lor filter cloths, and 
1oi other nuH hamc'al purposes, a thickness is specified. W hc*n this is clone, the 
type of inicrc)mett*r winch is used shcjuld be specilieci, since* vc*rv clifterent results 
.ire obtanu'd w'lili clifterent instruments. 'I he load und(*r whic h the mcasure- 
nic'iit IS made, and the si/e ol the micromelcT discs in ccmtacl with the fabric 
aie the two important factors. 

(iounts of Yarn 

it is not the usual practice to specily the cemnts of the varns in fabric spc'ci- 
fitalions, sinc'e, generally, materials of substantially similar texture can I c* 
<>btainc*(l from a spc*eific'cl weight, pc‘reentage ot foreign matter, threads per 
me h, and stremgth. There arc, however, cc'rtain purposes for which exceptionally 
uniform fabrics arc rcM|uirc*cl, and for wlinli the counts of the ) arns iini.st be 
^pecifit'd. This is also the case for cc*rtain compound fabrics wlu*re a iiarticular 
Ij.'ilaiue ol texture must be prc'served. Such fabrics are genc'rally c’ottoh fabrics, 
.ind in considering the nu*thc)cl of testing, onl\ cotton fabrics will be dealt with. 
W'licn ascertaining the counts of } arn from a eledh, e\en if the count of w^eft only is 
ret|uirccl, the sample should be thoroughly w*ashc'd to remove all size. 'I'his is 
obviously necessary’ in the case of materials which have been ])icce-fillcd, but it 
may not be quite clear as to w^hy it should be done in the case of nominally pure 
fabrics. The reason i.s that only by analysis can it be ascertained whether the 
cloths contain any substance which might give fictitious w'eight to the yarns. 
T'oi iiistanc'e, chloride of magnesium may have been used in sizing the warps. 
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even without the knowledge of the sizer, who unwittingly may have bought 
it disguised as a size composition. Should this be so, a fair proportion must 
spread to the weft by absorption, carrying with it. or taking from the air, enough 
moisture to destroy the accuracy of the test. As a result of experiments made 
at the Testing House, it has been found that grey cotton material, when pure, 
loses on the average approximate!}' 2% of its weight when washed. It is there- 
fore the general practice to add 2% to the weight of yarn taken from W'ashed 
grey cotton fabric to compensate for this loss in washing. 
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TF STING COUNT OF YARN FROM CLOTH 


A * Warp 

60 rh reads « 

24 tn* 

40 yards 


A 

3 

• J 20 yards 

B • VYaf^ 

3ofhreads x 

24ln* 

( 20 yards 


* 

l2 

* 240 yards 


C • washed reference 

D • U<iw*»hrd reference 


Kic, I 

After washing, the samples are dried slowly at a temperature of 70^ to 80® F., 
and after diydng they arc allowed to condition for at least six hours in an atmo- 
sphere of from 65% to 70*^ R H. When the conditioning has been cc)mpreted, 
the warp and weft yarns are taken from the sample, accurately measured for 
length, and weight. This is done by first measuring and then cutting con- 
venient lengths of cloth from the sample in l)oth the warp and w'eft directions, 
and taking out several lots of threads from each length. Each length of cloth is 
cut as far away from the next as the size of sample wall permit. For con- 
venience in calculation, the length of cloth is cut so that when the yarn to be 
tested is removed it will have a length of a multiple of 36 inches. The length is 
takem after the crimp has been removed, and the yarn held at a tension which 
is judged to be similar to that at which the warp 3'arn would be during weaving. 
Each lot of w'arp ami w’eft is then w’eighcd, first separately, and then collectively. 
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l)\ means of a sensitne chemical balance The admits of the warp and weft are 
calculated from the total length and weight of warp anrl weft yarn removed 
rhey are also determined from the individual weighings of cac h lot of yarn, and 
b\ this means provide a check on the count as obtained for the total weight of 
warp and weft yarn \s a linal check on the counts, the pine weight of the 
luatenal ma'v be calculated fiom the ascertained threads per nuh coants of yam 
and crimp, and compared with the determined puio weight of the material 

Fig 1 shows in detail how a sample of cloth, inches wide by 72 
juchts long should be dealt with in testing the counts of warp and weft Ihe 
sample is hrst marked with its test number and a portion cut from it and retained 
loi reference purposes The remainder is then washed dried and conditioned 
Ihrec lots of warp, each containing 60 thicads 24 inches long and twelve lots 
of weft each containing ^^o threads 24 inches long ait uino\(d from the con 
ditioncd pattern Each of the three lots t)f warp and the twelve lots of welt 
are weighed separatelv and together and the counts ascertained As a rough 
thcck, 20 threads of warp and 20 threads ol weft should be taken fiom the 
sample and weighed b\ an independent observer It will be noted that the total 
length of yarn tested is ecjual to i lea of waip and 2 leas ot weft It has been 
found nectssar> to test this amount of yarn in order to obtain reliable results 
Ihe methods of testing for counts m vehich templates and (piadrant balances are 
iis<d do not as a rule provide accurate r^^ suits Ihe lengths of yarn tested arc 
generally too short having regard to the normal variation m the yarn and 
fiirthcT main of the cpiadrant b dances are not sufhcicnth sensitive 
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I ig 2 shows the amount of weft vain which would be used in the 
nietliod of testing which has been described, together with the amount used in 
two of the template and quadrant balance mcthcxls It will be seen that the 
amount of yam used for the rough chc*ek tests in the method described exceeds 
tint used in either of the two template methods 
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Table I 

COUNTS OF YARN AS ASCERTAINED FROM TESTS ON CLOTH 

Comparison of Testing House method with two methods commonly employed 
in the trade referred to as Method “A” and Method “B.” 

The material employed for the comparative test was a 5 y.ird lc‘ngth of grey ( loth of 
the nominal particulars “80 X 128 38^ 32 ’s " 


1 

Method “A 

' Method ‘ H 

1 

1 'resting House Melhotl 

Size ol test piete' 

template 2-4 in 

1 'lemplati 5*H in 

I 

1 2 >db legulation si/e 

lA'ngth ol \ain 
weighed 

to thieads x 2*4 m 
2 S vds 

1 40 thuMtls X 8-6 in ' 
1 ** ' ^*'' 1 

' Warp- 3 tests of 40 
, vds 120 vds 

' Weft 0 tests ol 40 
vds 240 v’ds 

In ordei todemonsti.itt the \<iiiation toinmonl\ lound on siu h short lengths of v.iin as 


tliose used in MtMhods and ‘ H/‘ 25 tfsts of the waij> and 50 tests of the weft ui’ie 
made ! li(‘ following an the detailed it suits ol lht‘S(‘ t(‘sts in comparison with tht‘ 
lesting llonst‘ results — 


Warp, 25 It'sl^ 


Waip vaiuition 
Weft. 50 tt'sts 


( ouid 

( omit 

( omit 

( omit 

( omit 

35-2 

38 2 

. 35 3 

37 2 


3(>-2 

38 2 

35 9 

37 8 


37 1 

39-2 . 

35 9 

37*8 

37 1 

37-1 

39 2 

. 35-9 

37 8 

38 0 

37 1 

39-2 

35 9 

37*8 

38*t) 

M\ 

39 2 

38*5 

37*8 


37* 1 

39-2 

38 5 

37 8 

37 5 

38 2 

39-2 

38*5 

37*8 


38 2 

40 3 

38*5 

37*8 

( omit of 1 ii 

38-2 

40-3 

38*5 

38*5 

1 (‘suit tet t ilie 

38*2 

40-3 

37-2 

38*5 


38-2 

38-2 

10 3 

37-2 

37-2 

39*2 


35-2 

to 40-3 

.. 35-3 

to 39-2 


32-8 

35-2 

3t)-2 

31*2 


32 8 

35 2 

30 7 

34 2 


32-8 

35-2 

30-7 

34*2 


32*8 

35-2 

30-7 

34 2 


32-8 

35-2 

30-7 

34 2 


33-6 

38 2 . 

. 31 1 

34*2 


33-8 

38-2 

31*8 

34*7 


33*8 

38-2 . 

. 32*1 

34*7 

33*t> 

33-6 

38-2 

32*1 

34*7 

33*7 

33 8 

38 2 

32*8 

35*3 

33*7 

33-8 

38-2 

32*8 

35*3 

33-7 

33(> 

38 2 

. 32*8 

35*3 . 

34 8 

33-8 

38 2 

32*8 

35-9 

35*5 

33-8 

38-2 

33* 1 

35*9 


34-4 

38-2 

33*1 

35*9 

34 0 

34-4 

38-2 

33*1 

35*9 


34-4 

38-2 

.. 33*1 

37*8 ... 

( omit of 2 le< 

31 4 

3(> 2 

33- 1 

37*8 

lesiill ( ert me 

34-4 

37 1 

33*1 

37*8 


34-4 

37- 1 

33*8 

37*8 


34 4 

371 . 

. 33*6 

37*8 


35-2 

37- 1 

. 33*8 

37*8 


35-2 

371 

.. 33*8 

38*5 


35-2 

37- 1 

33*8 

38*5 


35-2 

38 2 

34*2 

39*2 


32-8 

to 38-2 

30*2 

to 39*2 
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The tigurcs in Jdble I are the actual results of tests on 5arns taken from the 
-^anie sample of cloth and show the \er> \ariable results any one of which it 
IS possible to obtain by the template methods of testing 

Strength and Elongation 

In most loom state and m all finished fabries strength and elongation tests 
should be specified not because the strength eif a material i m it sell alwavs an 
important factor but because the strength will geiuralK indicate the qualit\ of 
a material its str\iceabilitv and show whether hnishcd materials have been 
t x( ( ssiveh we akened in the finishing processes The stre ngth sjieeiiied should be a 
ninunium, and since it is possible in man> eases to over emphasise the importance 
of such tests («irc should be exercised not to call foi too high strengths Regard 
shoulel be paid to the strength it is possible to eibtam from am particul ir sti ucture 
< t fabric, the variation which is found to exist even in different spe e mu ns from 
the same picec \nd the aetud icquirements of the material toi the purpose for 
u Inch it IS to be used 

In order to obt im eonstant moi tine < onditioii*^ m the simples at the time 

I testing the speeihe ition should st ite the eonelitu)!! ol samples when the 
test ire made Jhc usual method is to lest afte r exposure foi a ecitam penoel 
It lienn 6*> o to 70 ^ KH hut m ce rtam m ite nils the ele sire el constant eonditiem 
m i\ he e)htmieel 1)\ te sting e ithe 1 m i wet or m i heine dr\ eonditiem 

I Ik spe e itif alion shenild also state the t\pt e>f testing maehme its e ipuit\ 
01 I the speeel ejf trav ( tse edthe pulling ) i\\ or the 1 ite eif le)ielmg w he n iiemstint 
1 de e>f lo lehng maehme is useel 

I he si/e e)f spe e line ns to he teste el shoidel he stiteel inel ilso the inetheiel ol 
then piepu itiein In meist mite nils the spe emu us hi\e te> he pie p lie el h\ 
li iMiig lown freiin sunples of \ widu wielth hut othei m ite rial hi\( to he* 
t rnexaeth tei the le ejinie el w leith sme e the\ e inned he fi i\eel I n ekeiding the 
width to he liaNtel e ue sheiukl he taken to make it 1 irgt enough to ensure that 
I testing the eiutsiele thieaels of speeimeii will tike then full shoe of the load 

(aneialh six w ii]) iiiel six weft ])temuiis will he tested fium e uh sample 
1 1 1 ig ^ shows hew the speeimeiis slioul 1 he eiit so is te) ensure that the 
1 suit eihtaine 1 will he fiilh le pre se iil iti\e of the simple testeel 

I astnebs ol Dyestuffs 

Spt eihe ilions foi eolonied iahries she>ul 1 i ill tf;r the m iterial to satisfy 

I I nil leepiire me nts in re spe et of the f istiie ss e)f the el\ e s used le) light rubbing 
e islinig III 1 peispir ilion liijuelgmgtlu I istne ss ejf d\e s to e e rt nn treatments 
the f llowniL'^ e 1 issilie ition is IrtepunlK ieio])f( I 

\ last (no appieeiihlt e h nige ) 
l> (onmierendh fist (ehm^e sli nh shghth) 

( ( hanges sh lele inoele r ite h 

I) (hanges shade eeinsideiahK 

^»eneidl\ all mate nils which e in he clissifieel i either \ en I will 
le s ifistaetorv anel exeept m the e isc of pe>oi ejiiaht} fihncs an\ mitenal 
hssifitd IS ( or I) would be eeinsidereel foi leieetion lestsfoi fistiuss 

te) light e in be si melarehseel inel tested le < e Tehng to the requirements of the 
mitenal h\ means of iitifieid simliglit lamps sueh is the lack einieter eir 
the I ngitomctei Resist inces e)t the d\e te) nibbing ean he tested bv rubbing 
I simple on a piece of bk lehcel < otton In aseerlammg the fastness of a d)e 
te) w ishing tests shoulel be maeU in e)uit i to cktermine how the shade changes 
uhen i sample is site peel — 

(ei) In boilmg watei for live minutes 

(h) In a 2 boiling soda sohilioii tor five minutes 

(e) In i 2° heiiling seiapi solution feir five minutes 
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Tests should also be made by subjectmg a sample to an actual washing m 
hot water and soap Jn this test, m order to ehmmate differences due to the 
human factor it is advisable to make the tests in some mechanical washer m which 



Lay-ouf of 
tesf porhbns 
on a sample 
2yds X I yd 
for a 

Strength resr 

Specimens 
9 ins belvieen jaws 
4 Ins wide 


riG 3 


the .tredtmciit can be standcirdistd To test the resistcinie to perspiration, 
samples ol the niatenal should be subjected to lioth an dcid and an alkaline 
W A rutting of the f.ibric is lolled together with a cutting of bleached cotton. 
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and one of wliite woollen material. These are then soaked in a solution con- 
sisting of I litre of water/ 100 grammes of so<lium cliloride, and 50 grammes 
of acetic acid. After soaking, the rolled cuttings are left to dry for 24 hours 
at a temperature of 40® C., and then examined in order to see if the colour has 
marked -off on to the cotton and woollen materials. A similar test is made 
after soaking in an alkaline solution consisting of 1 litre of water, 100 grammes 
of sodium chloride, and lo c.c. of ammonium hydrate of sp. g. o-S8. 

Shrinkage 

The extent to which a fabric will shrink, due to wetting or washing, is in 
many materials an important factor, and tests for shrinkage should be included 
where necessary in fabric specifications. Here again, care must be ('xercised to 
avoid calling for an impossible performance. It is sometimes more economical 
to make garments on the large side to allow for the shrinkage which will take 
place during the first few washings than to insist on the material being 
supplied with a low shrinkage. 'I'he latter may neces.sitate an extra finishing 
process and thereby increase the cost of the maftTial. A meth<xl of determining 
the shrinkage is to soak a sample of the material for two houis in cold W'ater 
and then allow to dry, laid out on a flat surface, at a temperature of 60° to 70® F. 
A suitable size of specimen is 15 inches wide by 10 inches long. The sample 
should be cut larger than the 15 inches by 10 inches, and the rectangle formed 
by these dimensions should be marked-off and carefully stitched with a coloured 
sewing thread. By this method of marking, the measuring of the sample after 
soaking and drying is greatly facilitated. When a more severe test than soaking 
is necessary, the material may be tested by washing in hot water and soap. The 
same mechanical washer used for te.sting the fastness of dyes to hand-wash may be 
used for this test. 

Manufacture 

For very high-class fabrics which can be woven practically perfect, it is 
possible to specify that the material shall bo free from all faults of manufacture, 
or that allowances in length will recpiire to be made when the fabrics contain 
particular faults. It is an extremely difficult matter, however, to lay down in 
the terms of a specification, rc(iuirements as to manufacture for the average run 
of fabrics. In certain specifications, such as those for aircraft fabrics, various 
faults may be enumerated and described. The faults ma}' then be classified as 
minor and major faults, and a limit placed on the number of such faults w^hich 
any piece of material may contain. The distribution of the defects, however, 
IS a feature which it is somewhat difficult to describe in the terms of a specifica- 
tion, and unless there are particularly good reasons for it, the general adoption 
of this procedure is not to be recommended. It is probably sufficient in the 
general run of fabrics to specify aiul, if necessary, describe the defects which are 
most objectionable from the user's ])oint of view. In this connection 1 have in 
mind faults, such as uneven selvedges, baiUy bowed weft, distorted welt, and 
bioken patterns which may be particularly objectionable and whii h would be 
likely to result in considerable wastage of material in actual use. 

Special RequirementB 

In addition to the specified details which have been enumerated*, certain 
types of fabric may be required to satisfy other tests. Fabrics which are to be 
subjected to the action of heal, for example, may be required to be free from 
chlorides, the presence of wdiich would be likely to cause tendering of the material 
on heating. Scoured fabrics for rubberising and other purposes may be required to 
be free from acidity and alkalinity, when spotted with suitable indicators. 
Fabrics to be used in the manufacture of outer garments which are to be shower- 
liroof may be subjected to a sluiwer -proof test. In this test, water is permitted 
tc> drop on a sample of the cloth for a period of 1 J hours, falling from a height 
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of 6 feet at the rate of i6 drops per minute, when no trace of moisture should 
have penetrated to the underside of the material. Specifications lor heavily 
proofed canvas for use as tarjiaulin covers may call for a material to satisfy more 
severe water-tightness tests, such as the cone and pressure tests. In the former 
test, a sample of the fabric, lo inches square, is folded like a filter paper and 
placed in a glass funnel, where it is loaded with 300 ml. of water. No water 
should have penetrated to the underside of the fabric after a period of 24 hours. 

In the pres.sure test, a disc of the material of 12 sijuare inches is subjected to 
a specified water pre.ssure for a specified time, when no percolation must occur. 
Jn this test the pressure and time specified are factors which vars' according to 
the type of material. 


TYPES OF SPECIFICATIONS 

Tables 11 , III ami IV which conclude this article arc typu.d sj[)ecifications 
chosen from the many available lo illustrate the main points discussed m th<' 
foregoing paragraphs. The first. Table 11 , is a specification lor an ordinary grev 
cotton twill sheeting. The next, I'ablc 111 , is a specification for a cotton bath 
mat for which, being a compound fabric, it is necessary to specify the counts ol 
the various yarns used. The third, Table IV, is typical of spocilications issued 
by rubber manufactures for materials re<|uircd to be exceptionally uniform. 
In this only tlie test requirements liave Ix'en given, but the conqficte specification 
actually includes, and describes fully, the method to be employed in carrying 
out eacli of the tests. The s])ccimens used for the strengtli tests «>n this material 
would not actually be mea.suied to a one inch width but would l)(‘ frayed down 
untjl they contained the specified number ot llireads per inch. 

'Textife specification', as gcneially issued to-day an* far from being perfect, 
and even the best ot th *111 can be improved. Suggestions from suppliers, userss 
or others interested will help in this direction. 

It has not been the intention oi this paper lo state th(‘ practice winch should 
l)C followed in the preparation of textile specifications, but rather to indiLate 
the general commercial practice whic h is lolUnved to-da>, and whu h has generally 
been found to \\ork to the satislaction ol bedh the supplier and the usen 


Table 11 


Specification for CIrey Cotton I’will Sheeting 


Quality, I ' \turt' and CdIou} lo In* sniiihir to the sealod s.iinplc in n spci 1 ot (puilitv, 

text UK* and eoloiir 


Width 
l rngth 
Wright 

I'OYcigii Mattrr 
t hr I ads pit nuh . 
Strength 


Not to lie less than 70 iiu lies 

To he supplied 111 jneres ol not l(*ss than 60 vanis. 

Not to be lesN than J4| 0 / ])ei lineal yard. 

lo contain not inon* than 10% ol loreign inaltei 

Warp 60, Weft 64. 

'I lie mean breaking load of the fabric shall not lx* l(‘ss than 
1125 Ih. and 185 lb. in the warj) and weft din'd ions 
respc*ttjve]y, w’hen tested in the following manner - 

Six .s]>erimcns .shall be cut in tlic* direction ol the waip 
and six in the* direction of the weft Tlie size of speci- 
mens shall be 2 in wide and 7 in Ix'twix'n the jaws of 
the te.sting machine. 

'The tests shall be made on a Goodbraiul machine, 
the travelling jaw of which has a constant rati* of 
traverse of 18 in. j>er minute. 

IJefore testing, the specimens shall be exposed for at 
lea.st SIX hours in on ati^osphere of 65 to 70% relativt* 
humidity. 
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Specification for Cotton Bath Mat 

Oualih hxtuii JhsigH 
Shadi 1 uvsh (wd '\1akt 

lo Ih similai to the sealed sampli in Ksput of qiialiU 
lixture, (Ic'sjgn shadi finish and maki 
lo be letteied \ 1^ ( m Mu until siinilai to tlu 

staiidaid 

11 idth 


\o1 to he less than 20 iiulu'» 

I rnfilh 


Not to bi Itss than -HJ ituIks bifon In nn nine nid dO 
inilus altei hcinniing 

\V( t^hi 


Not to be liss tliaii 12 o/ ju i mat 

Ihrtads ptt iv(h 


Waip 44 (2 t(ii\ 2 gioiind) \N»lt bs 

( ounis <)/ \ aru (in hiiish(<l 
stall altn washing) 

\Vai|> gioiind i i2s tins 1 I2s Wilt lbs 

( lass of D\t 


luikev Kid 

1 a stilt s of ])\t 


1 he d>e oi till mail mil to hi i oi iineii iall\ las^ whin 
vsashid b\ hind in hot wain and soap 

1 tin 


1 he t(iT\ ])oit]on it thi mils to lonlain not hss thin 
S* A lids of pill \\ ii]i ])ii \ lid id gioiind warp 
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Specification for Cotton CSancas 

Oudit\ 1 \fiii i 
/ nnsh 

of til and 

lo In simil ir lo tlu <iialui simpli ii usptil ot i^ualitx, 
tixtnie (oloiii and finish 

i ntj ) lilt 11 


1 hi \ nil dull Ik spun hoin a will laiiUd tollon incl tin 
iMiipi hngth oi st ipli shill bi |/ inih 

li idtn 


s(> ini 111 s 0 2S 

f ( u^th 


IbO \ lids s \ nd 

Wtijit 


11 n/ pii sijiiaii \ ud 1 pi 1 1 1 nt 

1 hi ad /><; nnh 


W up 21 0 4 Wifl 22 0 0 

J III! hill 


0(M7 null 0 002 mill 

( out '»/ ) an/ 


W lip i 7s Wilt ^ 7s 

1 ddfd hijst fit 

no h 

Waip bO 0 7S Wilt SO 0 7S 

i nwp 


Waip lb‘\ 2‘»„ Wilt 8" 2‘^ 

"^Utiiyih {\1 \u X 

1 111 ) 

Not to bi hss than W ii]) 110 lb Wilt 17S lb 
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NOTES AND NOTICES 

Institute Coming -of -Age Celebrations 

An outline of the programme of the Coming-of-Agc Celebrations of the Insti- 
tute — at Manchester on the 22nd, 23rcl, and 24th April — has been issued to mem- 
bers, together with form of attendance to indicate participation in the various 
events. Although the closing date for receipt of acceptances has been fixed for 
the loth April, members are urged to send in completed forms as early as possible 
in order to facilitate arrangements generally. The prospects are that there will 
be a big attendance. The I^esident (Lieut -Col. B. Palin Dobson) and the Chair- 
man of Council (Mr. T* Nasmith) are taking an enthusiastic interest in the whole 
event. It is ht)ped that Lord Derby, who has expressed his interest in the 
('oming-of-Age ('elebrations, may be able to attend and speak at the banquet, 
fxird Barn by has already notified acceptance and also his preparedness to respond 
to the toast of "The lextile Industries *’ Sir Percy Jackson (Chairman of the 
West Riding Education ('ommittec) has kindly consented to propose the toast 
of "The Textile Institute, " whilst Dr. R. H . Wckard (Director of the British Cotton 
Industry Research Association) has agreed to propose the toast of "Our Guests." 
The complete programme will be sent to all who notify attendance. The pro- 
ceedings will be o])cned by a Reception on the part of the President and Council 
of the Institute, and complimentaiy invitations for tins event have been sent to 
members. All meetings and functions, witli the exception of the Public Lecture 
by Sir Leonard Hill on the l^'riday e\enmg, will take place at the Midland Hotel, 
Manchester. In the course of the proceedings, the ]>resentation will take place 
of a number of medals, including the new Warner Memorial Medal (for "investiga- 
tions in textile technology" published in the Journal of the Institute), and the 
Institute Medal (fiir "services to the Institute") It is also expected that an 
Honorary Fellowship ot the Institute will be l>estowed 

Annual General Meeting 

The holding of the Annual (reneral Meeting of Members of the Institute, 
will not take place at so early a date as usual this year, owing to the holding 
of the Coming-of-Agc Celebrations in April. The date fixed for the Annual 
Meeting for the election of Officers and the approval of Council's Report, 
Balance Sheet, and the Accounts (with reports of Auditors), is Wednesday, 
20th May, at 4 p.m. The date and time have been selected for the reason that 
the C^iuncil will meet on the same afternoon, and the arrangement will assure 
a representative gathering Mr. George Garnett, of Bradford, who has been 
a steadfast supporter of the Institute o\ei many years, is nominated for eleciion 
as the next President. It is particularly desired that members of Council shall 
have the best opportunity to attend the Annual Meeting, and to support the 
nomination. With regard to the annual election of members of Council, nomina- 
tion forms have been issued to Members, and the reminder may here be made 
that the last date for receipt of nominations is T3th April. 

Institute Membership 

At the J ebruary meeting of the Council, the following were elected to Member- 
.ship of the Institute— J. G. Bckkcr, V^cterinar>^ Kc.scarch Laboratories, Onderste- 
poort, Pretoria, S. Africa; T. Butterworth, 79 Park View 'rerrace, Preston Old 
Road, Blackburn (Under Carder) ; A .E. fnglis, Tramore, Kinders I^ne, Greenfield, 
near Oldham (Salesman, Asa Lees & Co. Ltd., Oldham); V. P. Iyer, The New Gin- 
ning, Pressing & Manufacturing Co. Ltd., Chalisgaon, E.K., India (Spinning 
Master); N. J. I-cvy, 38a Clyde Road, West Did.sbury, Manchester (Foreign 
Correspondent and Salesman): A. W. W. l.ynch, 23 Hartington Road, Sherwood, 
Nottingham (Student): 1'. C Nightingale, Thomas ('ross & Co. Ltd , Mortfield 
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Bleach Works, Bolton (Departmental Manager); J. W. Polito, 23 Hartington 
Koad, Sherwood, Nottingham (Student); R. T. Read, 21 Garthwaite Avenue, 
Coppice, Oldham (Trainee, Lancashire ('otton Corporation); ('. Reed, 68 Sprules 
Koad, Brockley, London, S.E.4 (Advertising Manager, Pawsons & [.eafs Ltd., 
0 St. Paul’s Churchyard, London, K.C.4); 1. E. Weber, B. Laportc ].td., Chemical 
Manufacturers, Luton, Beds. (Director and Chief Chemist); H. (i. Wolstenliolme, 
34 Ikdfield Road, Didsbiiry, Manchester (Cotton Yarn Salesman); R. Wood. 5‘>7 
Cleckheaton Road, Low Moor, Bradford (('loth Checker) 


COMMUNICATIONS 

“Theory and Electrical Drive of the Loom*^ 

2 o the EdiUn 

Sir, -Several statements which appear in the review of “Thcf)ry and Electrical 
Drive of the l.oom" published in the Journal of the Textile Inititule, February 
1031, pp. PiS-pio, the author feels obliged to challenge and correct. In view of 
these criticisms it is thought that the book should have been particularly useful 
since it gives information which has been based on a scries of experimental 
investigafions and on actual data from practical experience extending over a 
number of years. It has remained to an electrical engineer to do this as the data 
supplied by loom authorities in mo.st instances has bf'en unreliable and incomplete. 

Shedding and let-oft motions were not analysed in detail for the reasons set 
out in page 6. The statement “incorrect assumptions ami inaccurate data” is a 
very misguided one. 'I'he whole ot the mathematical work (as pointed out in 
several places in the book) is based on actual experimental tests and observations. 
I'oi example, it was proved conclusi\ely in connection with a particular 120 in. 
jilain loom that the acceleration period of the shuttle corresponded to 3^ degrees 
and that the measured values ot the pow'cr were vt ry close indeed to tho.se calcu- 
lated for the particular loom, e,g. a test lasting 3<S hours on a 120 in. plain cotton 
loom show'cd an average figure of i i() h.p. as against a valculated value of i-io 
h p. (Table XXXIII). The h.p figures of the exampU‘ gh en in page 12b are on 
the high side but these looms were installed manv years before the above tests 
were made and w'ere based on loom makers’ data. 

fhe accuracy of the accehTation and normal running ( alculations (Chapters 
and V J ) has been q uestioned . At the time of writing the book these calculations 
had not been comparetl experimentally w ith practical results, but quite recently 
a number of tests carried out using an oscillograph connected in the driving motor 
circuit showed conclu.sivelv’ that the experimental and calculated acceleration 
times and speed variations during normal running agreed very closely. 

Humberstone, Tx'icester, (Signed) W. H.Wtlmot. 


Reviewer’s Reply 

Sir, — ^The reasons given by Mr. Wilmot on page b of his book for the omission 
ol a consideration of some of the most important parts of the loom, can hardly be 
held to justify his claim in the preface, that he has developed a general mathe- 
matical theory of the loom* 

Although it may have been proved conclusively in connection with a particular 
1 20 in. plain loom that the acceleration period of the shuttle was 34 degrees, the 
fact remains that the slay must have been about one foot longer than usual, and 
that the loom, in consequence, did not represent average practice, as claimed by 
the author. 

The power test average figure of i*i6 h.p. does not appear to agree with the 
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calculated value (Table XXX I II) of o-Ho h.p., the value ol i- lo h.p. (luoted by iht* 
author being the root mean sciuare value. 

The accuracy of the acceleration and normal running calculations was not 
questioned; it was the accuracy of the data on which the calculated N^alues depend 
that was, and still is, claimed to be doubtful. 

The statement “incorrect assumptions and jnac(’urate data" is a .strong one. 
but the examples given in the review were not isolated examples. 

W \ H. 


REVIEWS 

English Decorative Textiles : Tapestry and Chintz ; Their Design and Development 
from the Earliest limes to the Nineteenth Century. By W. (xordon Hunter. 
Ihiblished hy John Tiranti & ('o.. London. W.i. (S pp., t8i ])lates, price 
los.) 

'laking into ac(ouut the tat t that this country possesses no national style ol 
design the ^luthor has colle(ted i8o or more historical examples which are par- 
ticularly interesting on account of their \ery varied characteristics. The 
tapestries give a valuable le.sson on the treatment of design of various periods ami 
show the inlluence of great arti.sts of their time upon the craft of weaving. A .set 
of six panels entitled the “Paral)le of the Prodigal Son“ produced at the Sheldon 
Tapes1r>’ woiks in the .second halt ol the Kdh <'enturv m spite ot then ornate 
borders are cxamjiles ol skillul composition, sympathetic treatment, and mar- 
vellous weaving, 'the Mortlake Tapestries, and severed outstanding treasiiies 
ot the Victoria and Albert Museum are well chosen illustrations 

The latter hall ol the book deals with printc'd labrics. Plate 83 is a delightlul 
(‘\ainpl<‘ of the best period ol Ivnghsh naturalistic design in the latter ]>art ot the 
iSth lentuiy when attractive chinl/es and gla/od prints were imiduced which 
weie s(. delicate and free in treatment Compare this with Plate 12b, an early 
H)th (imtury production showing a composite capital conqilete with Ixiuquet of 
dowels and birds mlen'sling as a link in th(‘ evolution ot styles, but the very 
word ty])e ot design loi the material Possibly the piev ailing taste tor this type 
ol omaiiHMit led Kiiskin, Moms, ami other Kith ccMitiiry reloimers ol the pn*- 
Kaphaeliti ])enod to strive for a revival ot the better traditions ot the past and 
to recognise the value of simple flat treatments, good ( ompositions with rctineinenl 
of drawing. Nine examples ot William Morris lilock prints jiroduccd at Merton 
Abbey are sUovmi. Whilst the meihanieal processes involved have altered verv 
little in dc'tail ,iml not at all in principle a great advance has certainly been madr 
in the artistic value of iirintecl labrics. It must be admitted that 20th c'eiitiiry 
dc‘sign, full ol sparkle and vitality in both form .md colour, is a living style anil 
not merely the natural evolution from styles ol the p.ist. 

It is untortunate that the ti'xt matter has been coiulensed into eight pages. 
A fuller description of the plates regarding eolom and the sizes of the original 
would have helped the reader whilst a few^ coloured j>lates would have added 
enormously to the attraction of tlie Ixiuk, even if it nie.inl leaving out some of the 
lialf-tone reprcxluctions of richly coloured materials w hich suffer so much by trans- 
lation into black and white. K.R.l). 
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NOTES AND NOTICES 

Institute's Goming-of-Age 

Our record of the proceedings in connection with the Comjng-of-Age Celebra- 
tions will appear in the May issue of the Journal. At the time of writing, there 
appears every prospect of a successful and memorable gathering, and every 
possible effort had been made to ensure satisfactory arrangements. Both the 
President and Chairman of Council took the utmost interest in the whole fixture, 
and were unremitting in their efforts. On every hand, appreciation of the im- 
portance of the occasion was most encouraging. The inclusion of broadcasting 
of speeches at the Banquet, by arrangement with the B.B.C., represented an 
outstanding instance of recognition of the Institute’s influt^nce. The distribution 
of honours awarded by the Council of the Institute met with widespread apprecia- 
tion and it was generally recognised that selection of the recipients had been 
carried out with most appropnate results. In the case of the six medals awarded 
for services to the Institute over the twenty-one years, it was remarkable that, 
with one exce])tion, every recipient had continued to serve in membership of the 
Council for the entire period. It \vas most fitting that on this occasion the first 
presentation of the medal to perpetuate the memory of the late Sir Frank Warner 
should have taken place, for it wa.s largely due to his untiring zeal in the early 
and struggling days of the organisation that the Institute was permitted to go 
forward in development. Notwithstanding all the progress effected in the last 
twenty-one years, it is hoped that still further progress will be attained. The 
proceedings in connection with the majority celebrations should provide not 
only a stimulus to those now participating in the efforts of the Institute, but an 
inducement to many indhiduals to join in the nu>\ement. 

Annual General Meeting 

The Annual General Meeting of the Institute is to take place on Wednesday, 
20th May, at headquarters. The Council will meet on the date named at 3 p.m. 
and the Annual General Meeting wull follow when one of the most interesting 
items will be the election of President for the ensuing year. Mr. George Garnett, 
of Bradford, who has for so many years been a keen supporter of the Institute, 
has kindly accepted nomination for the Presidency, and it is therefore hoped that 
Yorkshire members, in particular, will attend this meeting and support the 
election of the new President. The election of Council will take place. Nomina- 
tion forms were issued recently in connection with this event and there are 
eighteen candidates for the ten vacant seats. The Council's Annual Report 
with Balance Sheet and Accounts arc in course of issue; Ballot Papers are also 
prepared. In regard to Vice-Presidents, there are three retirements due this 
year but the Council has renominated Messrs. A, F. Barker and W. Frost. Antici- 
pating the election of Mr. George Garnett to the Presidency, only one other 
nomination is required, and the Council decided to nominate Professor E. Midgley, 
of Bradford, for the third Vice-Presidential place. 
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Midlands Section Annual Meeting 

The Annual Meeting of the Midlands Section is fixed to take place on Saturday, 
i6th May, at University College (Shakespeare Street), Nottingham. In addition 
to the ordinary business to be transacted, Mr. J. H. Lester, M.Sc., has kindly 
promised to attend and give an address on “Past, Present, and buture of the 
Textile Institute.” Mr. S. E. Ward, of Nottingham, has kindly invited members 
in attendance to take tea immediately after the meeting. The election of the 
Section Committee will form one of the chief items of the Agenda. 

Death of a Lancashire Machinist 

Mr. W. B. Richardson, whoso death took place quite recently at his residence 
at Kivington, near lk»lton, was a well-known Lancashire textile enginetr who 
for many years had been a keen supporter of the work of this Institute. He 
gave excellent service on several committees for several years past, and attended 
many of the Conferences of the organisation. Mr. Rkhardson w'as a member 
of the Council of the Federation of British Industries, and was inten‘sted m local 
government affairs. Mr. John Crompton attended the funeral as repiesenting 
the Council of the Institute. 

Textile Institute Diplomas 

Elections to Fellowship and Associateship have been completed as follows 
since the appearance of the previous list (February Lsue of this Jontnal ) — 

FELLOWSHIPS 

( HADWICK, Frank Teasdale (Leeds). 

STRONG, John Henry (Blackbuni). 

SCHOLEFIELI), Fred (Manchester). 

ASSOGIATESHIPS 

ASHTON, Chailes (Oldham). 

J^UND, Arthur (Bradford). 


Scottish Section 

Annual Meeting 

The annual meeting of the above-named Section of the Textile Institute took 
place on Saturday, 14th March, at the North British Hotel, Edinburgh, when 
there was a representative gathering of members. Mr. Andrew R. Geary (Dun- 
fermline) was votetl to the chair in the unavoidable absence of Mr. J. Macphersori 
Browm, who, as a representative of the National Assoeiation of Scottish Woollen 
Manufacturers, had proceeded ti) America on a delegation arranged by the 
Overseas Trade Council. 

The Chairman said he was glad to see so representative a meeting. In 
addition to the absence of the Chairman of the Section Committee, it was to be 
regretted that Mr. J. C. Campbell (Galashiels) was prevented from attendance 
owing to illness. The Section covered a widely scattered area, and bearing this 
fact in mind, he thought they must ail agree that the meetings during the past 
session had been most successfully organised by Mr. Blair, the Hon. Secretary. 

The minutes of the previous annual meeting were approved. 

The Hon. Secretary (Mr. A. W. Blair) reported that the membership at end of 
last session (28th February 1931) totalled S3 (as against 80 lor the previous year), 
distributed as follows — East and Midland, 30; West and South-west, 26; Borders, 
24; and North, 3. Mr. David Watson (Paisley) \vas To be congratulated on 
having qualified for the A.T.I. There had been three Section Meetings — at 
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Dunfermline, Paisley, and Galashiels respectively — and thanks were given to all 
who had assisted in facilities and hospitality in connection with the meetings. 

It was decided to increase the Section Committee from four to six. Nomina- 
tions were invited and it was agreed that the following be elected — ^Messrs. J. 
Maepherson Brown, A. R. Geary, T. M. Lees, A. W. Blair (Hon. Secretary), 
Andrew Smith, and A. J. Hall, with J. Beveridge (Meinlur of Council), ex- 
officio member. 

The Secretary presented a financial statement for the year showing the total 
expenses to have been ;tio t is. 8d. 

Mr. A. W. Blair was unanimously re-elected Hon. Secretary and heartily 
thanked for past services. 

A discussion followed in regard to the Journal of the Institute and its contents. 
Some members argued in favour of the widening of the field of publication, and 
others maintained that the existing form was satisfactory. It was urged that the 
Publications Committee might consider the Abstracts from the point of view of 
covering all fibres or all branches ol tlu' industry. 

The Hon. Secretary was instructed to .send a cable to Mr. J. Maepherson 
Brown, wishing him success in connection \\ith his vLsit to America. 

The qiie.stion of fintJui St'cfiun Meetings was discussed and it was agreed to 
pursue iiu[uiiies as to visits to Musselburgh and also Dundee. Jt was also 
agreetl to recommend members to coinnumicatc suggestions to Mr. Blair. 

After luncheon, Mr. A. Fairgriev( (Cialasliiels) opened a discussion on the 
subject of humidity and temperature in the case of wool spinning. He sjiid that 
as a result of inve.stigatioiis he had experienced tremendous variation in humidity 
and temperatun* under conditions ol steam healing. He found that the ideal 
day occuried in March, with a relatixe humidity round about 70'* and temperature 
about 05'" <lry bulb. Ho turned to the cotton industry for information as to 
artificial humidification and since adopting a scheme and abandoning steam pipes 
the conditions did not var) beyond 1 or z degrees. 'I'he result was more level 
spinning and practically no trouble in restarting after week-end stoppage. The 
cost was greater than steam la aling, but they were getting the results required, 
the almo.sphere w^as freqiuntly changed, there was fieedom from draughts, and 
electrification trouble was cured. 

Mr. Geary and others took part in the disc us.sion, and Mi. Fairgrieve was 
warnilv thanked Itir his contiibutioii. 


Irish Section 

Annual Meeting 

The annual meeting td the members of the Irish Section of the Institute was 
held at the Municipal (dllcge ot 'technology, Belfast, on Friday, Z'jtlx March 
1^3 1, Professor Bradbury occup\ing the chair. Dr. Gibson and Mr. W. H. 
Webb (Raudalslown), wlio had been detained at another meeting, attended later. 
Apologies for absence w<re read from Mr. W. H. Webb (Newtowmards) and Mr. 
J’'. Anderson (Portadown) . 

The minutes of the previous annual meeting (2/3/30) w^ere read and passed. 

The Hon. Secretarv (Mr. F. J. W'. Shannon), in presenting the annual report, 
stated that during the past ses.sioii two meetings had been held at which papers 
were contributes! as follows 0th Novemlier 1930, “Properties of Artificial Silk 
as atlecting Industrial I’ses,” by A. J. Hall, B.Sc., F.I.C., F.T.I.: 22nd January 
'O31, “Scientific Development in the Linen Trade, “ by Dr. W. H. Gibson, O.B.E. 
Both meetings were w^ell attended. The membership of the Section stood at 
a total of 37, being an increase of three for the year. Regarding the Institute 
Journal, it had been recommended that this shoukl contain some matter of a 
more general chiiracter which w'ould appeal to a large percentage of members. 
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All members were asked to make a special endeavour to attend the Coming-of- 
Age Celebrations, at which the Irish Section seemed to have acquired a full share 
of the honours, as one of our members. Dr. Gibson, had been asked to give a 
lecture on 24th April, whilst another member. Prof. Bradbury, had been recom- 
mended for one of the Institute Special Service Medals. In conclusion, the 
Committee wished to thank Mr. Hall and Dr. Gibson for papers contributed, and 
Professor Earls for facilities for the holding of meetings at the College. 

On the proposition of Mr. McEvoy, seconded by Mr. Cowden, the report 
was adopted. 

It was decided to send forward five names in addition to the Chairman and 
Hon. Secretary to constitute the Irish Section Committee, and the following 
were recommended to Council for re-election — ^Messrs. W. H. Webb (Randals- 
town). Chairman; F. J. W. Shannon, Hon. Secretary; and Committee — ^Dr. 
Gibson, Professor Bradbury, F. Anderson, W. J. Cowden, and J. Kirkwood. 

Subjects suitable for lectures were discussed and it wras decided to leave the 
matter of arrangements in the hands of the Committee, Dr. Gibson and Prof. 
Bradbury being instructed to discuss the matter with the General Secretary 
when at headquarters. 


Midlands Section 

Meeting at the Technical College, Loughborough, on Monday, 2nd February 1031; 
/>r. A. Bramley in the chair. 

YARNS FOR THE HOSIERY TRADE 

This lecture was delivered by Mr. S. Kershaw, of the Technical College, 
Bradford, who said that Yorkshire woollen and worsted spinners would like to 
supply Midland hosiery and knitted fabric yam demands. In the early days it 
had been considered that the requirements of the weaver and of the knitter were 
identical. Forty years ago supplies were ply-yams of a thick character, 5/1 2 ’s 
to 3/20’s being the main range. Though some attributed the growth of the 
hosiery trade to the post-war requirements of sports and semi-sports wear, said 
the lecturer, he ventured to say that the real knitting trade of to-day is the making 
of all classes of underwear, this being due to the overdue reforms in dress, both 
in styles and in quantity. For w'armth and lightness combined, the knitted 
fabric, said Mr. Kershaw, w'as superior to the woven. Turning to the yarns 
involved, the lecturer referred to the difierent properties of the various fibres as 
hosiery or clothing yarns, but dealt in detail wdth wool which he said had peculiar 
properties to recommend it for use as clothing. Mr. Kershaw' then gave a brief 
outline of the various kinds of wools chiefly used for hosiery yarns, referring to 
English Dowm wools, and South American wtKils, though, he pointed out, there 
were millions of half-bred sheep with Dowm sires producing splendid and cheap 
wools for hosiery yams. The finest and most popular wool for the hosiery trade, 
however, was undoubtedly the Merino. The lecturer then described the process- 
ing to which hosiery wools were subjected in order to produce the yarns suitable 
for knitting. He assertetl that, contrary to many previous statements, cop-spun 
yams w^ere, if not given too much twist, admirable for hosiery purposes. The 
hosier}' trade, being less particular than the weaving industry on the point of 
yarn strength, and being favourably inclined to the use of yarns spun from short 
wools, offeretl the wool man an outlet for many short-stapled w'ools. Here the 
lecturer gave a brief description of the processing of such w*ools for hosiery yarns, 
dealing with the order of the processes and the desirability of improving such 
proce§ses as carding, backwashing, etc. The respective merits of Heilmann, 
Noble, and Square-motion combs were discussed by JMr: Kershaw, as were the 
three systems of drawing- 'K)pen, cone, and porcupine— for the production of 
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hosiery yams from short Wools. Turning to the spinning frame, the lecturer 
said that here the hosiery yam was made or marred. The cap tube revolutions 
should be reduced to about 5,000 r.p.m., but, in regard to yams generally, the 
process employed depended upon the ultimate use of which the yams were to be 
put. The ideal might be fly-spun yarn at cap-spun prices, but this was hardly 
possible said Mr. Kershaw. Ring-spun yams were an intenne<liate proposition, 
being better than cap yams and somewhat inferior to fly yams. After-processes 
including twisting, folding, fancy twisting, and winding were next dealt with and 
suggestions made as to the larger employment of fancy or novelty yams in the 
knitting industry. Finally, the lecturer dealt with the production of coloured 
yams which, he said, chiefly emanated from Huddersfield. He concluded by 
sa5dng that all textile processes and knowledge were undergoing a searching 
reinvestigation and interest keen in developments, which gave promise of cheaper 
production, increased output, and improved quality. 

A hearty vote of thanks to the lecturer concluded the meeting. 


London Section 

Meeting at the Barratt Street Trade School, London, W,, on Tuesday, 13/A January 
1931; Mr, S. A. Williams in the chair, 

THE PROPERTIES OF THE VARIOUS TYPES OF RAYON 

The above was the title of a lecture delivered to members of the London 
Section of the Institute by Mr. A. B. Shearer, of Messrs. Courtaulds. He said 
that it was first necessary to get a clear idea as to what wore the properties 
essential to textile raw materials. The first property to consider was that of 
strength, though what was necessary for one typo of fabric was not necessary 
loi all types. On similar lines, the lecturer discussed pliability, colour, lustre, 
wearing power, and dyeing properties. He then turned attention to the following 
types of rayons — Chardonnet, cuprammonium, viscose, and acetate rayons — 
suggesting that their relative values commercially were indicated by the bulk 
production of each type. Up to about 1910, nitro-cellulose was in the lead, 
being about 48% of the total rayon production; to-day, viscose constitutes about 
87*^0 of the total proiluction, and nitro-celhilose rayon has fallen to the last place. 
The lecturer then discussed the reasons why mtro-cellulose and cuprammonium 
rdyonsj had fallen out of the world's markets, and pointed out that, despite the 
persistence of fine-filament fine-denier yams of cuprammonium type, neither 
})Ossessed such outstanding textile qualities as to offset their higher costs of 
production. Indeed, the lecturer asserted, it was probable that any continuance 
of demand for fine-filament yarns would result in such yams being produced by 
\iscose makers. Turning next U) acetate rayon, Mr. Shearer described its 
peculiar properties, such as its dyeing afiinities which differed from those of 
the other rayons, and its handle which was wanner, and its draping qualities. 
He then enumerated the wet and dry strengths in terms of grammes per denier 
of the different rayons, and pointed out that extra strength was not necessarily 
an advantage, as in weaving an extra strong rayon thread would cut a cotton 
or linen warp. The object of increasing strength was to secure finer filaments 
and greater resistance to processes which involved wetting. Other qualities of 
rayon, such as their bleaching and dyeing properties; the possibility of securing 
more intense colours, such as reds, on rayon; the weaving power of viscose yams; 
and its pleasing qualities as underclothing were dealt with by the lecturer. An 
interesting discussion followed, during which Mr. Shearer answered a number of 
quo.stions. A hearty vote of thanks ended the meeting. 
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REVIEWS 

Textilet for Solotmen. By £. O. Ostick. Published by Sir Isaac Pitman & Sons, 
London. (164 pp. and Jndex, 5s. nett.) 

This book makes a bold attempt to supply the non-technical salesman with 
information likely to be of use in helping him to understand something of the 
construction and composition of the different fabrics he has to sell. The author 
states in his preface that the book is merely an introduction to a very wide 
subject and necessarily omits much of importance. This is certainly a fact, but 
it could scarcely be otherwise in a small volume at such a modest price. The 
book deals with the subject from fibre to fabric and includes those of animal, 
vegetable, and artificial silk origin. If, as the author suggests in his preface, a 
demand for such a book exists, it could have been better met by a series of books 
of a similar nature but each dealing witJi one branch of the trade, such as woollens 
and worsteds, cottons and linens, silks and artificial silks, etc., and thereby giving 
more detail and a fuller explanation of the processes described. Chapter 2, dealing 
with the examination of fibres by the microscope, particularly illustrates this 
conciseness and the student would certainly have to consult other books if he is 
to identify the various fibres used in the textile trade. Moreover, some of tlie 
illustrations in this chapter are rather crude, and photo-micrographs instead of 
sketches would greatly improve this section. Again, chapter ri on the estimation 
of yarn counts from a piece of woven cloth; a piece of cot Ion cloth 2 in. ^ 2 in. is 
taken and the calculations based on the assumption that the yarns extracted will be 
exactly 2 in. in length. This in itself will lead to an erroneous result, quite apart 
from the fact that the warp in particular may contain a large amount of sizing 
materials. On the other hand, other parts of the book are well done. Chapter 
3, for example, shows clearly the fundamental principles of the intersection of 
warp and weft in the simple weaves and is very well illustrated. The latter part 
of the book dealing with dyeing, printing, and finishing is, though concis(‘, well 
done and should give the salesman some idea of how colour is applied and the 
various finishes are obtained. On the whole, the book is good, well written and 
interesting to read, and should be of great use to the non-technical salesman. It 
should certainly act tis an incentive to students to consult other btKiks which deal 
more fully with the various branches of the subject, as is suggested bv the author. 

G.A.R. 

Die Indische BaumwoUiiidiittrie. By Dr. rer. pol. Helmut Pilz. Published by 
Julius Springer, Berlin. (185 pages, 12 R.M.) 

The author describes the hand cotton loom industry during the time wdien the 
East India Company were in being, from 1008 to 1859, and the industry’s decline, 
due to the competition from Lancashire. He infers that this decline was also 
attributable to the Acts passed in England in 1721 and 1774, which prohibited 
the use and wearing of Indian-made cotton goods, but it should be pointed out that 
cotton goods were allowed entrance to England proviiled they were destined for 
export. A further description is given of the founding of the present cotton 
industry in India. The author also deals very fully with the question of labour 
in the Indian cotton mills, descrilies the living conditions, and welfare work 
undertaken by the millowners. Some interesting tables are given showing the 
districts from whore the opt*ratives are recruited. Another chapter deals with 
the quality of the Indian cotton used and the endeavours which arc being made 
to improve the supply. Reference is also made to the different aspects, from an 
Indian point of view, of the question of customs duties on cotton cloths entering 
into India. N.S.P. 

Industrial Britain. By Albert Wilmore, D.Sc.(Lond.). Ilarrap’s Now Geo- 
graphical Series (348 pages, Bibliography, and Index, 5s. nett.) 

Dr. Wilmore has produced an exceptionally fine and readable summary of the 
whole field of British indu.stry. How large that held is it is difficult to realise 
until ojie begins to think seriously about it. Then the mind is impressed with its 
magnitude and its vital impcirtance to millions of human beings. The localisation 
of one industry in one part of the country and a different industry in another area 
is as carefully and fully treated as space permits and the regional differentiation 
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so puzzling to many people has a new light shed upon it. Wherever historical 
factors are mentioned in connection with the localisation of the cotton industry 
in Lancashire no reference is ever made to the influence of the slave trade of 
Liverpool , and yet this would seem to have been of great importance, for raw cotton 
formed a return cargo from the American plantations to a port which became 
even more important than Bristol in this kind of trade. The metallurgical in- 
dustries are well treated and the explanation of the change ovei in the relative 
importance of the black band ironstone as compared with tjie Jurassic should 
prove of interest. The whole work is one which should be read by every teacher 
and cver>' senior student of geography. It should prove of great interest to the 
general reader and especially to the industrialist by helping him to obtain a 
wide geographical outlook, so necessary in this modern world where the develop- 
ment of transport has made all countries and races such near neighbours one 
oi another. H.W.O. 

Cotton Year Book 1931. Published by the Textile Mercury Ltd., Manchester. 

(Pp. 712 -i- cxxiii. Price, 7s. 6d.) 

In spite of the heavy depression m Lancashire’s mam indust . the twenty- 
sixth edition of this Year Book again furnishes infonnative and interesting 
matter. All sections have been revised and brought up-to-date. Section I — 
Review of the Cotton Trade 1930 — contains some pertinent statements on the 
Bombay situation and the general effect -on trade of our present relationships 
with India. It is to be hoped that when the 1931 Trade Review is wTitten it 
will be possible to indicate a much brighter outlook. The last section of the 
l>ook- 1 'rade Associations, etc. — in its revised state is, as always, cxtiemely 
useful m that it is a special feature of this scries of year books. T. 

Wool Year Book 1931. Published by the Textile Mercury Ltd., Manchester. 

(Pp. 712 -b Ixxv. Price, 7s. 6d.) 

The twenty-tliird edition of the Wotil Year Book, like its companion volume 
the ('otton Year Book, prefaces its chapters by deploring trade conditions in 
the woollen and allied industries. New chapters have been added to this edition 
whicli show that though trade may not have warranted changes and new develop- 
ments. yet a good deal of progress has been made. A chapter indicates the 
changes that have taken place in regard to the supplies and quality of raw 
mateiial in the various wool-jiroducing countries and the advantages derived 
trom research work in this connection are recorded. A short history of the 
artificial silk industry, together with statistical information is again a feature 
of the book. T. 


The Marketing of Wool. By A. F. du Plessis. Published by Sir Isaac Pitman 
and Sons, London (331 pp. and index, 12s. 6d. nett). 

The author claims that tliis book is 'The first serious attempt at examining the 
raechauism of the distributing process,” and this claim may be accurate so far as 
literature in book form is concerned. That research into the Marketing of Wool — 
distribution research it may be termed — is as necessary as research in the pro- 
duction and in the manufacturing spheres of the wool industries, may be at once 
acceded though it may be well to state that these aspects of research are not 
<iuite so neglected as the author seems to think. But the book itself has the 
merit of focussing attention on the structure of the marketing of wool as a whole, 
and its imperfections may readily be excused on that account. The first four 
i hapters— The Production of Wool; The Manufacturing of Wool; The Preparation 
of Wool for the Market; and the Standardisation of Wool — occupy more than 
their fair share of space, and lead the author into those realms of research which 
lie suggests have been neglected and with which he would appear to have neglected 
to make himself thoroughly familiar. But notwitlistanding these criticisms, the 
leuiaining chapters, which deal with Private Treaty Sale of Wool; Local and 
Central Public Wool Auctions; Co-operative Meirketing of Wool and Control 
therein; witli Statistics and Marked Information; and with Credits and Prices, 
certainly present a picture of wool distribution not otherwise available so far as 
the reviewer knows, and which is therefore worth whde as a basis for further 
investigation, albeit amendment of the base may prove necessary ab initio, T. 
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TfXtili lUcoriir Ywr Book 1*31. Edited by John Brooks. PubUshed by 
John Heywood, Ltd., Manchester (pp. lxxiv+898. Price, 7s. 6d.) 

In addition to revising all the former sections of the Year Book, a new section on 
the dyeing of rayon has been added. This deals with the latest methods of dyeing 
rayon yams and all-rayon fabrics, methods adopted for the dyeing of various 
types of rayon, and the dying of mixed fabrics containing rayon. The inclusion 
of this information increases the value of the rayon section. The new illustrations 
in the section devoted to the microscopy of textile fibres are a great improvement 
on those formerly shown, but a minor criticism occurs in this connection. In the 
Preface attention is drawn to the new illustrations by stating that they will take 
the place of those which ''formerly appeared on pages 3 and 4," but it does not 
add the information as to where thay appear in the 1931 edition. Actually they 
are to be found on pages 699-702, but this takes a little finding and a search of 
the contents list. It might also be suggested that the Contents List and General 
Index should follow the title page, as they form the key to the mass of information 
contained in a year book, and are of special importance when the edition runs 
to nearly 900 pages. T. 

Popular Rotoarch Narrativoi. Published by Ballicre, Tindall & Cox, London. 

(viii+174 pages and 3 plates. 4s. 6d. nett.) 

Though the volume under notice is No. Ill of the series, it is typical of the other 
two. In an introduction Brig. -Gen. J. J. Carty, of the U.S. Army Reserves, 
says — "The publication of these Research Narratives does more than provide 
scientific rea^ng in an entertaining and instructive manner. They constitute 
in themselves a distinct contribution to the cause of scientific research because 
they present to the reader authentic form, concrete examples of the methods, 
vicissitudes, and tnumphs of scientific research." After reading the "narratives" 
in Volume III, this pronouncement may be endorsed. Each chapter, a complete 
story in itself, is contributed, if not by the actual research worker whose work 
is described, by an authority intimately connected and familiar with the specific 
researches. There are few, if any, of these "narratives" of direct textile interest, 
but each has a definite appeal to those who are wise enough to study scientific 
method as a preliminary to engaging in or as an avenue to the appreciation 
of technical and scientific research. T. 
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THE INSTITUTE AND THE FUTURE 

Youth, having attained its majority, naturally anticipates those enjoyments 
associated with being “grown-up/* That they are accompanied by harder work, 
sterner responsibilities, and keener disappointments remains to be discovered and 
the manner in which adult life is faced is a measure of the quality of youth. 
Without pressing the analogy too far, it may be claimed that the Textile Institute 
having attained to a like age must face similar problems. It is fortunate, liow- 
evcr, that, though voung as an organisation, its direction is in the hands of 
experienced men and the wisdom acciuiied in other spheres of activity can be 
applied to Institute problems. It may be well, therefore, on the threshold of a 
new era, to look for landmarks in the “promised land*’ and to study a little more 
earefull> tiie “sailing orders” already in our possession. The first of these is 
undoubtedly the “Scheme of Development” drawn up and approved by Council 
in rejig and the second is the “Ko>al Charter” granted in 1025. To these two 
documents wt must look in the future for guidance in the adult life of the Institute. 
The “Scheme of Development” suggests activities which may be placed in two 
groups — the first group being general Institute functions and the second Sectional 
tunctions. In grouj) one it ma}^ be claimed that real progiess has been made — ^the 
Diplomas Scheme, the Institutc^’s Journal, the Mather Lecture, the Institute and 
Warner Medals, the Library, and the Bureau of Inquiry are established and steady 
persistence in each case can only result in sound growth. These are matters that 
are in the hands of Standing rommittees and every confidence may be felt in 
their proper functioning. In group two, which covers Sectional activity, more 
UTK ertaiuty exists perhaps. It is not abnoimal to find that in a growing organisa- 
tion its branch activities are less defined than those of headquarters, but there 
can be no doubt that the (question of Section development is of the most vital 
imjiortance to the Institute. 

The second document to which reference has been made is the Royal Charter, 
giaiited in March 1025, a document that repays constant study in discussing 
Institute policy and plans. That Charter constituted the Textile Institute for 
certain specified objects, first and foremost of which was “to advance the general 
interests of the Textile Industry more particularly in relation to the acquisition 
and application thereto of scientific knowledge.” Here in a sentence is the main 
policy of the Institute defined; all activities should be designed to promote this 
object whether directly or indirectly. That some indication of the outlook as 
envisaged by those holding office in the 22nd year of Institute existence may be 
available the following communications are published. They indicate clearly 
that the magnitude of the task is not unrealised and that there is abundant 
confidence in the ability of the Institute to tackle that task adequately. 

B 
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From Mr. Geo. Garnett— Preeident- Elect. 

The Coming-of-Age of the Institute celebrated in April brought to mind the 
programme of development which was in the minds of the founders, and an 
examination of the progress that the Institute has made during these years in its 
endeavour to fulfil these ambitions, and to become recognised as one of the official 
mouthpieces of our textile industries. A review of its activities, both scientific, 
technological, and literary, as well as its recognised status, proves beyond all 
doubt, not only the great need for such an Institution, but the justification for its 
continued support. 

It must continue to gather to its aid and to enhance its mfluence the best 
minds in all associated subjects and it must become the platform for the pro- 
nouncement of advanced thought, and activity, on any subject germane to the 
development of the textile and allied industries. 

I would hke to see greater emphasis laid upon the more definite association 
of art with industr}^ Owing to the diftercnce in the standard of living between 
Western and Eastern peoples and airrespondmg rates of remuneration, it is 
probable that competition for plain fabrics will in the future become much keener 
as the Far Eastern nations develop technically. We must, therefore, produce 
fabrics of greater attractiveness not only in design, but in colour, so that we may 
secure such a share of international trade as will maintain in employment a high 
proportion of our own industrials. 

The phenomenal depression which is affecting the world at the present time 
has many causes and many effects. The upheaval caused by the war is still 
evident in realms of finance, economics, costs of production, transport rates, and 
national expenditure. Radical improvement in all these realms is vital to re- 
covery, and no matter what our Universities, Colleges, and Institutes may do, 
these major problems are at the moment at the very foundation of our future 
progress. In this direction the Institute leaves the study of such subjects to 
institutions specially equipped for dealing with them, and specialises in the 
educative and equipment side of industry from a scientific and technical point of 
view. This condition of afiairs will not always last and we must prepare for that 
natural demand for wearing materials that will come about by the restoration of 
confidence, where beauty of decoration and colour at a reasonable pria' will 
command first attention. 

We fully recognise that much valuable work has already been done through 
such Institutes as the British Institute of Industrial Art, but it is in this direction, 
I think, we must look for greater achievement, and our Institute can play a verj* 
important part in seeing that the right emphasis is given. With a more complete 
union between industry, science, and art, I believe we shall maintain our lead in 
all those larger aspects of textile industrial success which have brought us, up to 
the present time, to our position of domination. (Signed) Geo. Garnett 

From Mr. F. W. Barwick, Chairman, Selection Committee 
(Institute Diplomas) 

In its initial efforts to bring into operation the scheme of awarding professional 
qualifications to members of the Institute, under the powers granted by the 
Royal Charter of 1925, the Selection Committee fuUy realised the magnitude of 
the responsibility which it had undertaken. In the light of subsequent experi- 
ence, it is now a matter of satisfaction that the Committee did not proceed at 
once with the actual framing of definite regulations. In the early stages, it was 
appreciated that new ground was to be broken. The Committee accordingly 
proceeded to administer the scheme on the basis of acquiring actual experience 
in dealing with applications, and it was not until September 1927 that printed 
regulations were issued. Although the claim may now be fairly made that the 
conditions imposed in relation to applications for the Fellowship and Associate- 
ship have proved effective in practice, nevertheless, the possibility of improve- 
ment by modification has not been overlooked. Actually, at the present time. 
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a special Sub-committee of the main Selection Committee is about to give con- 
sideration to certain clauses of the provisions, more particularly those governing 
the requirements in connection with applications for Associateships. 

In order to function efficiently, the Selection Committee has of necessity to 
be representative of many interests — ^and in this connection it may be observed 
that it numbers on its panel members possessing wide scici;tiiic, technical, 
educational, and industrial experience. It is of interest to record the stages 
through which an application for Associateship or Fellowship passes before a 
recommendation is forwarded to the Council of the Institute. Details of the 
application are first circulated to all members of the Selection Committee. The 
case is then considered and discussed at a mi^eting of the Committee, and a 
provisional tlecision is arrived at. Such decision is communicated to all members 
of the Committee prior to the follow ing rnt'eting, w hen the case is again discussed . 
If the original decision is confirmetl, a recommendation is accordingly forwarded 
to the Council for its final approval. Whilst this procedure may appear un- 
necessarily protracted, it affords a candidate the greatest measuie of considera- 
tion and at the same time secures most desirable protection of the interests ol the 
Institute. 

Admittance to the Institute’s Examination in General Textile Technology, 
usually held twice each year, in June and December, is permitted only to applic- 
ants for the Associateship whose attainments up to that stage have been approved 
as conforming to the requirements of the Charter and Bye-laws and are therefore 
eligible for examination. In itself the examination constitutes no qualification, 
but is the means adopted by the 1 nstitute to ensure that those holding its diplomas 
are “technologists” possessing not only a highly specialised knowledge of their 
owm branch of the industry, but also an outlook widened by a general knowledge 
of other branches. Having regard to this restriction of candidature, the attend- 
ances for examination have been highly satisfactory in number. The next 
examination, on the 17th June, appears likely to provide a record as to number 
of candidates who will attend, and arrangements have been efiected for simul- 
taneous conduct of the examination at Manchester, London, Belfast, and Glasgow, 
This is evidence of the growing appreciation of the value of the scheme and there 
are grounds for believing that the industry generally is realising the value of the 
Institute Diplomas. (Signed) h\ W. Barwick 

By Mr. W. T. Boothman, Chairman, Lancashire Section Committee 

In relation to regional activities, the Institute has now six SiH.tions — 
Lancashire, Yorkshire, London, Ireland, Scotland, and the Midlands. In each 
instance the affairs of the Section are controlled by a Committee elected by the 
members located in the respective Section areas. The activities of a Section are 
primarily associated with the organisation of meetings for the reading and dis- 
cussion of papers. W'hilst Headquarters has always been both willing and 
anxious to assist Sections in every possible way, yet it would appear that the ideal 
Section is that which, by means of its Committee, fully meets its obligations in 
regard to the preparation of an annual programme of meetings. This involves 
the selection of subjects to be dealt with and the securing of the services of contrib- 
utors of papers or the arrangement, it may be, of visits to works or even, perhaps, 
the holding of an annual social event. As contributions to textile literature now 
fonn a definite consideration in regard to award of Diplomas of the Institute, 
it has been rightly urged that Section meetings should afford occasional 
opportunity for members, particularly those in the Section area, to present papers 
with a view to subsequent publication in the Journal of the Institute. Such 
papers should preferably be original in character containing records of observa- 
tions and experiments. The suggestion has been made that Section Committees 
should select and urge particular members to make contributions on subject^ 
known to be within the compass of their abilities, and special endeavour might 
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occasionally be made to secure the services of some of the younger members, who 
have already attained Associateship rank. In my experience in relation to the 
activities of the Lancashire Section, I have found that the interest of a meeting 
need not necessarily be limited to the paper contributed. These meetings provide 
an opportunity for friendly discussion of matters of mutual interest, and this form 
of intercourse has often proved highly beneficial. In the case of Lancashire, the 
arrangement under which meetings are promoted in various towns in the area has 
consistently proved advantageous, and co-operation on the part of local textile 
organisations has usually been secured without difficulty. Though success in the 
organisation of Section meetings depends largely on the suitability of the subject 
of the paper to be contributed, yet members of the Section Committee are expected 
to use their influence locally as far as ever possible. In regard to what may be 
described as district meetings. Section Committees may always rely upon the 
goodwill of the local Education Authorities concerned, so far as facilities for 
meetings and lecture-hall accommodation are concerned. The prospects for the 
future in relation to Section activities are probably greater to-day than they have 
ever been from the point of view of the promotion of successful meetings for the 
reason that interest in the scientific and technical side of the industry has widened 
enormously in late years. Great opportunities exist to-day for this Section 
activity, and it is hoped that Section Cximmiltees of the Institute w^ill pursue their 
work with unflagging enthusiasm. (Signed) W. T. Boothman 

From Mr. W. Kershaw, Vice-Chairman, Publications Committee 

Looking forward to the work of the Publication.s Committee, now that it, 
along with the whole Institute, has come-of-age, is of special interest, but it is 
perhaps unwise to prophesy. 1 will confine myself, therefore, to such indications 
of progress that are reasonably definite and from which members may expect 
concrete advances. Mr. J. H. Lester, himself tor some years Chairman of the 
Publications Committee, was kind enough to say at the Coming-of-age Banquet 
that in his view the conduct and development of the Journal was of prime import- 
ance to the Institute. Those concerned with its production, therefore, are 
entrusted with a heavy responsibility, and, I think it may be said, fully realise it. 
Following some criticism of a practical character a spi*cial sub-committee of the 
Publications Committee has been appointed to investigate and report upon ev^ery 
aspect of Journal work. It would be discourteous as well as impolitic to anticipate 
that report but it is quite in order, T believe, to state that certain general prin- 
ciples are firmly fixed upon which Journal production can be based. In the 
first place, the Journal must constitute a record of Institute development gener- 
ally. It is also the medium, now world-widely known, for the publication ol 
original work in textile technological research. In this direction the connection 
between the work of the Selection (Diplomas) Committee and that of the Publica- 
tions Committee is very close. In the communications which precede this it will 
be found stated clearly that “publication of contributions to textile technology 
through the Journal'* constitutes a definite consideration for progress from the 
Aasociateship to the Fellowship of the Institute. No barrier, save f hat of merit, 
will be placed across this avenue of development. Its abstracts, which are 
sought by subscribers in over 30 countries, are at the moment the subject of close 
examination, but whatever policy may ultimately govern their contents and 
production, there can be no question but that they will continue to form a very 
important part of the Journal. On more general lines, there is a demand for 
advance and it will be the Committee*s wish, I feel sure, to meet members' require- 
ments as fully as possible. Financial restrictions, of course, exist and perhaps 
alwaya will, but so far as possible publication will be made to the full. Section 
Comniittees, whose work is described above, have a deep responsibility in this 
direction. No one can possibly know local conditions or get into touch with 
local talent with such readiness and accuracy as can the Section Committee, and 
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the Institute looks to these bodies to help in the securing of contributions of a 
general character. Of publications outside the Journal a word may be said — 
The Chronological Record, issued at the time of the coming-of-age celebrations, 
represents a step forward in publication policy and should prove of value to all 
members. The Committee confidently expects a generous demand from members 
for copies of this volume. There has been a stead\’ demand loi the Report of 
the Empire Textile Conference held at Wembley in 1024, and for the special issue 
commemorating the Crompton Centenary celebrations at B<dton in 1027. In 
favourable circumstances a more ambitious programme of publication will I>e 
undertaken and all members arc invited to give the Institute's work in this 
connection serious consideration. Help is possible in several directions, and will 
be welcomed for the general good of the Institute. (Signetl) W. Kershaw 

THE CELEBRATION OF TWENTY-ONE YEARS’ ACHIEVEMENT 

Though purely an arbitrary period, 21 years in the life of an individual has 
( ome by law and custom to have a ciofinite significance. To liave li\<'d thus long 
is to have attained one’s majority, and henceforward manhood or womanhoocl 
is attributed to the tw'cnty-one year old even if the (|uality be more apparent 
than real. In 1910 the 'textile 1 nstitute av as founded; it was natural, therefore, 
to consider the celefiration of the Institute's majority this year, and the Council 
some months ago decided not only to make th(‘se celebrations distinctive in 
charac ter, but it) use every effort to secure from them the fullest possible propa- 
ganda value. 

Phe celebrations commenced with a reception at the Midland Hotel, Man- 
( hester, on Wednesday, 22nd April, by the President, Lieut.-Col. R. l*alin Dobson, 
and Mrs. Dobson, and the Chairman of the Council, Mr. Frank Nasmith, and 
Mrs. Nasmith, on behalf of the Council of the Institute. It was at this gathering 
tlial the opportunity w'as taken of presenting to Mr. J. W. Nasmith, inventor 
of the Nasmith Comber, the certificcite of Honorary Fellowship of the Institute, 
whidi v\.ts handed over to the recipient bv the President. 

THE HONORARY FELLOWSHIP OF THE INSTITUTE 

llie Royal Charter granted to the I extile Institute in 1925 inter aha gave 
the Institute the power to elect Honorary Fellows, and it was decided thereupon 
that such distinction should be reserved as the highest honour the Institute 
could accord. The breadth of outlook shown at this time is lurther indicated 
by the fact that it was also deckled that only an achievement of real magnitude 
and of definite and generally-recognised benefit to the textile industries should 
entitle an individual to consideration for thi.s award. A measure of the value 
placed by the Council of the Institute upon its Honorary Fellowshij) is to be 
found in the history of the awards made to date. C)nly two, prior to that now 
to be made have to be recorded. In (October i<)28, on the occasion of the In- 
stitute’s Autumn Conference in Hury, Charles Frederick Cross, with whose name 
are associated those researches and inventions that inaugurated not only the 
manufacture of viscose filaments, but indicated the manifold uses to which that 
i>upposedlY inert substance, cellulose, could be and has subsequently been put, 
nnd Horace Arthur Lowe, whose recent death is much to be deplored, and with 
wliom the invention whereby tension was applied to cotton yarn while it was 
undergoing the action of caustic soda, is associated, were made the first Honorary 
Fellows of the Institute. On the twenty-first Iwrthday of the Institute, a third 
Honorary Fellow was added to this small and select body of men. 

John William Nasmith, who was a pupil at Chorlton High School, in its day 
a rival of the Grammar School, was subsequently an evening class student in 
engineering at Owens College under Professor Reynolds. His further acquaint- 
ance with engineering was made as an apprentice with John Hetherington & Sons, 
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of Ancoats, for which firm, in 1879, he proceeded to Italy as an erector. Return- 
ing to England with a first-hand knowledge of French, Mr, Nasmith worked as 
assistant to M. Lecoeur, the inventor of the Hetherington Pinel Lecoeur Comber 
a machine which, though ingenious, was before its time. Many of these machines 
were erected on the Continent and as recently as 1914 were still at work. In 
1886 Mr. Nasmith again returned to the Continent as representative of his firm, 
t h i s time to Dresden and later to Mulhouse. Later he became a Director of 
Messrs. Hetherington, but resigned to join Messrs. Howard & Bullough LM., 
for whom he visited the United States and Eg|^t. In 190L comber with 
which his name is associated, and which constitutes his claim to be numbered 
among those to be honoured by the Honorary Fellowship of the Institute, was 
completed, and Messrs. John Hetherington & Sons granted the sole license to 
manufacture it. The machine was not originally intended as a competitor to 
the HeDmann Comb, but rather to comb cottons for which the Heilmann was 
unsuited. It was found by its users that it could be applied with advantage to 
the combing of the finest cottons, and its use soon became universal. T. hough the 
master patents of his comber were taken out in tqoi, Mr. Nasmith s work leading 
up to them was initiated several years before and many trials had to be made 
before the final measure of success was secured. That that success was outstand- 
ing is to be realised not only from the fact that the patents stood unchallenged 
until they finally expired, not only from the fact that copies of the comber were 
subsequently marketed as ‘'Nasmith Type" combers, but also from the fact 
that numerous mills and combines installed combers which hitherto had only 
used cards. Mr. Nasmith’s inventive genius did not stop at this point, but he 
turned his attention to steam traps, damper regulators, and later to cardboard 
box making machinery, which up to that time had been chiefly imported from 
Germany. The box -making venture prospered to such an extent that in 1918 
negotiations were completed for Messrs. Vickers Ltd. to take it over. In 19^4, 
a new model of his comber was introduced, and at present Mr. Nasmith is devoting 
attention to the combing of short wools. 

Mr. Nasmith was introduced by Mr. W. Scott-Taggart, M.T.Mech.E., F.T.I., 
who remarked that when he was first informed that he was the person selected 
to perform that duty, he thought it was a splendid opportunity of launching a 
tirade against the present system of organisation and management of the textile 
industry. While he remembered, however, that this was a birthday party, and 
that they ought to be bright and cheerful, he could not let the occasion pass 
without some slight reference to the great textile industries of these islands. 
Without doubt, the textile industry was the greatest in Great Britain; taking 
one section of it alone — cotton — with the exception of agriculture, must be the 
greatest industry in Great Britain. Its greatness was not merely confined to 
the operation of buying and selling cotton yarn, and to textile mills set up all 
over the country; many large engineering works were part and parcel of the 
textile industry, as were the multitude of subsidiary firms which depended on 
the textile industry for their existence. Some idea of the extent of the cotton 
industry might be secured from the knowledge that within five miles’ radius of 
Bolton Town Hall there were more spinning spindles than in the whole of 
Germany, and within a similar radius of Oldham Town Hall there were more 
spindles than in the whole of France and Germany together. This industry had 
produced its mechanical geniuses who, honoured and revered, had their niches 
in the halls of fame. One of those geniuses was now standing before those 
present, and he thought he could safely say that if not the greatest inventor of 
all time, John W. Nasmith was certainly the greatest since the Textile Institute 
was formed. His duly was to introduce to the President a man who invented 
a machine called a comber. Prior to its introduction there was already a cotton 
comber in existence, and he might incidentally mention that a statue was erected 
to the memory of Heilmann, the man who invented it. Whether a statue would 
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be erected to Mr. Masmith he could not say, but the Textile Institute were 
recognising the great value his invention was to the textile industry. His 
machine had been brought to perfection after years of patient effort. Not only 
had the years of planning and trial to be patiently endured, but also those which 
inevitably follow the introduction of a new invention, during which the invention 
awaits the verdict of practical tests. But all this was now passed and the 
Nasmith Comber had been widely adopted. He stood before them now a proud 
man, having done something that would live and for which the textile industry 
would be his debtors for ever. “Mr. President," concluded Mr. Taggart, “may 
1 present Mr. John W. Nasmith to you, to receive at your hands the greatest 
honour that it is possible for the Textile Institute to bestow on one of its members. 
He is a worthy man, and he is continuing in the work which has already made 
him famous, and may this diploma of the Honorary Fellowship of the Textile 
Institute be an inspiration to him to continue in the work he has already done, 
and may he live long to enjoy it." 

The President (Lieut.-Col. P. Palin Dobson) then handed the certificate to 
Mr. Nasmith, expressing the pleasure it gave him to do so. 

Mr. Nasmith said it was with profound feelings of gratitude and appreciation 
that he received the honour of the Honorary Fellowship of the Textile Institute, 
an Institute which was known throughout the world, and which would, he hoped, 
1 ontinue in its goo<l work for many years to come. He was like many other in- 
M'Titors; he could not claim that he was animated in his early days with any 
idea of benefiting his fellow-man, but rather was moved by ambition to dis- 
tinguish himself in his profession and to gather in, perhaps, a little of the financial 
re\sard that gave those feelings a true background. There was some aesthetic 
pleasure to the inventor to see his idea inatc'nalised and in operation, performing 
]ust exactly what he intended it should do. They had heard in the last few 
months a great deal about the redundancy of machinery in the textile industry, 
cind talk about scrapping a great deal of it. It was obvious to everybody to-day 
tluit there was redundancy as far as present-day demand was concerned. Person- 
ally, he was inclined to think it was only temporary. 

The remainder of the evening was spent in dancing and entertainment was 
provifled bv Mr. J. Wlutham, vocalist, and Mr. A. H. Stott, conjurer. 

PROCEEDINGS ON THURSDAY, 23rd APRIL 

The Mather l.ecturc was delivered on Thursday morning at the Midland 
Hotel, where all the events, with the exception of the visits and the Public 
Lecture, took place, the subject being “(mrrent Changes in the Technology of 
Cotton Spinning and Cultivation," by Dr. W. Lawrence Balls, F.R.S. In the 
absence of Dr. Balls, the paper was read by Mr. H. A. Hancock, of the Shirley 
Institute. Mr. H. P. Greg occupied the chair. 

The Chairman said he did not think it was for him to attempt to introduce 
Dr. Balls to the audience. He was in Egypt and they had to be content with 
his paper and a very admirable substitute as far as reading it was concerned in 
Mr. Hancock. They all knew Dr. Balls, if not personally, by reputation or by 
his work. He was still a young man, under 50, and he had done remarkable 
work. As Fellow of his college at Cambridge he had won early recognition. 
He was a Fellow of the Royal Society and had taken a very prominent part in 
< onnection with research in the cotton trade. He started work in Egypt as 
H botanist and had made valuable discoveries. He was in Egypt ten years, 
d-iid then came to England as head of the Research Department of the Fine 
Cotton Spinners' and Doublers’ Association, getting into practical touch with 
'-otton spinning and doubling machines. I^ter, he again went to Egypt and was 
still there. We in this country were extremely obliged to Dr. Balls for two 
things. One was that he had brought very vividly before them the importance 
of small things. At the beginning of the century they thought of cotton in the 
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bale and had no clear ideas of anything but the bale. Now they were thinking 
of cotton in the hair, and the difference between the outlook of the cotton hair 
and of the cotton bale was extraordinary. There were about 400 cotton hairs 
to the grain and about 7,000 grains to the pound, so that they could imagine 
what the difference in the outlook was that was necessary in envisaging the differ- 
ence between the cotton hair and the cotton bale. The other point Dr. Balls 
had brought before them, and which was to his mind a point of extreme im- 
portance and value, was the drafting wave. He did not know whether Dr. Balls 
discovered it, but he brought it into prominence, aiul he, the Chairman, believed 
that the study of the drafting wave would prove to bo a most important thing 
in the rehabilitation of the cotton trade. He thought the Mission to the Far 
East had done excellent and good work, but he ventured to say that the cotton 
trade of Lancashire was going to gain more permanent good from studies in 
connection with the drafting wave even than from the study of the Report of 
the China Mission. The study of single hair properties and of the drafting 
wave were the two points in which he thought Dr. Balls hail done wonderful 
work for Lancashire. He also wished to pay his tribute for the work Dr. Balls 
did in connection with the inauguration of the work of the Cotton Research 
Association. Dr. Balls, Mr. J. H. Lester, and Mr. A. Abbott, laid the foundation 
for cotton research at the Shirley Institute in an extraordinarily able chart, and 
he thought that Lancashire could never be sufficiently thankful to these three 
men for preparing for it such a valuable basis for cotton research. Finally, he 
wished to pay tribute to the per.sonality of Dr. Balls. He came across him, 
years ago, very frequently: he was a most original man and possessed a most 
charming personality. He never came across a man whose mind had so fei^ 
limitations; what his father, grandfather, or great-grandfather did really had no 
weight with him at all. His mind seemed absolutely free to take up anything 
he thought advantageous or progressive. He only wished to add that in asking 
Dr. Balls to deliver this lecture the Institute Council had asked one \\ho was well 
worthy of a place in the list of Mather lecturers. While they were extremely 
sorry that Dr. Balls was not present to deliver his lecture, they were glad indeed 
that the duty devolved on Mr. Hancock, because Mr. Hancock was ior ten years 
in close personal touch with Dr. Balls, and must have imbibed .some of Dr. Balls’ 
temperament. He was quite sure they could not have got a better man to 
read the lecture than Mr. Hancock. 


CURRENT CHANGES IN THE TECHNOLOGY OF COTTON 
SPINNING AND CULTIVATION 

W. Lawrence Balls, Sc.D. (C antab.), F.R.S. 

The essential characteristic of a lecture is the personal influence of the spoken 
word, and when circumstances compel the lecture to be delivered by proxy, 
as in the present instance, it necessarily loses that essential. But the Mather 
Lecture of the Textile Institute is read by many more people than those who 
hear it delivered, so that the incongruity of writing among the cotton fields of 
Egypt in an attempt to catch the atmosphere of an audience in Manchester, is 
perhaps more apparent to the writer than to his hearers. 

In choosing a subject for such a lecture as this, one would prefer to keep to 
the safe ground of scientifle studies, and expound the development of research 
work on some particular problem; but although such treatment is of more 
permanent value, it would make less appeal to an audience drawm from all parts 
of the textile industry than the broader and more speculative one, which 1 have 
selected with much misgiving. 

My object to-day is to give an outline indication of some changes which have 
already taken place in the cotton world during the present century, and to risk 
some guesswork concerning the future trend of those changes in the remainder 
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of the century. Such changes are partly due to world-wide economic causes, 
but— in so far as the industry shows signs of surviving the impact of those 
causes — ^they are largely due to the application of modem scientific methods. 
1‘hese melh^s have succeeded in making discoveries of things within the industry 
which the industry itself unaided had failed to find during a hundred years of 
experience. They have also been utilised in order to apply to the industry the 
results of discoveries made in the realm of pure science, and — ^partly on account 
of the necessary inertia of invested capital in an immense existing industry— 
this application has scarcely begun even now. 

These two components, economic pressure on the one hand, and scientific 
method on the other, interact to a greater extent than is commonly realised. 
A stable industry, in a state of equilibrium with its markets and its competitors, 
is adequately served by its practical knowledge of everyday working practice; 
an Oldham mill spinning American cotton for the Indian dhooties at the end of 
last century was t 5 q)ically stable; the pre-war cultivation of Eg)q>tian cotton is 
another instance. But when conditions change, trouble begins. The purely 
practical man can only experiment in mass, and n\ost experiments are necessarily 
failures, so that the cost of experiments on the so-called practical scale is ruinous. 
The speedy ami inexpensive technique of the scientific research worker can follow 
up such changes of conditions, or even move ahead of them, and much of the 
influence which the laboratories have acquired in the textile industries during 
the last decade is siTni)ly the expression of the changes which have been taking 
place in those industries. 

The pre.sent lecture is divided into three parts. In the first part 1 venture 
to indicate those features of the cotton industry which seem to me to have a 
salient importance. In the second part attention is directed to various improve- 
ments in the re.sources at the disposal of the industry — both of knowledge and of 
organisation — which havi* become available during the current century, since 
my first contact with the cotton growing side of it in i(> 04 . Thirdly, some 
suggestions and speculations are offered with regard to the future. At all times 
the use of the term “the cotton industry*' impli(*s the growing and merchanting 
ol Cf>tton as well as the spinning and 1 stop short of the manufacturing and 
finishing end of the industry only because this transcends the limitations of 
my personal experience. 

Salient characteristics of the industry as it exists 

^t the head of any list of the peculiarities of the cotton industry we may 
safely j)ut its dependence upon unskilled labour. So far as the spinning side 
is concerned it is not very diflerent from other spinning industries, which share 
with it the employment in large numbers of a type of operative wdiosc maximum 
usable skill can be attained in a very short time from the date of first entering 
the industry. But in addition to this the limiting factor in the supply of the 
raw cotton is the labour available for the act of picking the ripe cotton from 
the plant; consequently, cotton can only be mass-produced in countries with a 
dense population relatively to the area under cotton. But dense population 
implies land hunger and high land \alucs, whereupon tlie profitable cultivation 
of cotton becomes dependent on the attainment of high yields per acre. The 
obvious implication is that cotton can never be a cheap raw material; at the 
present day its cultivation on the valuable soil ol Egypt, (whose annual rental 
would purchase the same area in England outright) is a much better business 
proposition than its cultivation with low’^ yields in the United States. Since the 
world population will continue to increase, and the demand for food products 
to increase with it — once the temporary aberration of agriculture due to the 
substitution of internal combustion engines for food -consuming horses has 
passed away — ^it seems fair to assume that cotton of low quality and low price 
will presently be not worth growing, and that cotton production will concentrate 
on the higher qualities; the ready saleability of Egyptian Uppers during the 
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recent depressed state of the industry is a partial example of this tendency. 

We have stepped beyond the limits of this first part of my lecture and must 
return to look rather more closely at my description of the bulk of cotton spinning 
labour as unskilled/' a description to which some of my hearers have possibly 
taken exception. To any such sceptics I would advise a reference to the paper 
communicated by the late Mr. J. W. McConnel to a former conference of this 
Institute held at Nottingham, when he utilised the vital statistics and the census 
data for occupational ages to show how ephemeral was the concern of most 
individuals with cotton spinning employment, the men scarcely less so than the 
women; the commonest age of emplo5nnent for both being only eighteen years. 
This flight of the men from the industry is due to the small chance of obtsdning 
promotion by moving up to more highly skilled work. I have formerly com- 
mented, in a letter to your Journal, on the remarkable statistical result revealed 
by a joint "Discussion on the shortage of Juvenile Labour" held in Manchester 
in 1924 at the Institute; in that discussion certain figures were authoritatively 
stated as representing the number of operatives required; on matching that figure 
with Mr. McConnel's results I found that the cotton industry could only obtain 
its fair share amongst all the Lancashire industries tf the school leaving age 
were put back to eight years old; this was the actual minimum age fixed by law 
in 1830, when the cotton industry assumed its present form. Under these 
circumstances it is inevitable (whatever may be the temporary hardships of 
displaced employees during the change) that certain changes will develop in the 
mechanical equipment of cotton spinning, leading to a reduction in the nuinlier 
of separate mechanical processes, to a consequent increase in the complexity of 
the machines and to a wider gradation of skill in their supervision. 

At the present day the industry may be described as having too many 
machines, which machines are individually too simple, with one exception, the 
mule; that it could utilise more complex machines satisfactorily is demonstrated 
by that exception. 

The next salient feature of the industry is the fact that no two cotton hairs 
are exactly alike, even when they have grown on one and the same seed. 
Although uniform cotton is very de.sirable, it is quite impossible to obtain it, 
and the most uniform cotton which the best grower can supply is a complex 
mixture of hairs which differ enormously in their length, diameter, wall thickne.ss, 
strength, and slipperiness. We shall see later how this situation may be dealt 
with in the future, but at the present day it is met by using a technique of blending, 
or mixing, in order to obtain a raw material of constant average properties; the 
other textile industries are able to employ the converse process of sorting, whether 
in silk, wool, or flax, simply because their raw material is big enough to be 
handled; 1 do not claim that this hand sorting is complete, and that there are not 
residual differences within their sorted classes, but it is clear that a fair analogy 
to the cotton industry would be provided by a worsted indu.stry in which not 
only were the entire fleeces of sheep fed into the mill, but these entire flccce.s 
were often of several different kinds, mixed in proportions which were varied 
from time to time. 

These two characteristics taken together seem to me to differentiate the cotton 
industry very clearly from most other forms of industrial endeavour, and thereby 
to define the lines along which it may be expected to develop or shrink, in the 
future. They may be summarily described as a state of dependence upon 
unskilled labour, and upon unclassified raw material. 

One minor salient deserves comment. Cotton was initiaUy a raw material 
for making a cheap substitute textile, in the early stages of the industrial 
revolution.* It passed onwards to produce textile fabrics with virtues of their 
own in strength and fineness; indeed, it thereby reverted Jo its previous use in 
the native industries of cotton-growing countries. At the present day its use 
as a textile pure and simple, for covering purposes only, is rapidly becoming less 
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important, and the centre of gravity of cotton uses is shifting towards purposes 
which may be described as those of engineering. It is not a despicable 
engineering material; its tensile strength is comparable with that of mild steel, 
and no steel would endure the everlasting flexure undergone by the cords of a 
motor car t3rre. 

The status of the artifleial fibres in relation to cotton is merely another aspect 
of this salient. It is often stated to-day that artifleial silk has reached its limit 
uf usefulness, that further improvements in it are unlikely, and that it will serve 
cotton for the future as an embellishment, not as a competitor. I am sorry 
that I cannot subscribe to this comfortable behef; it has been held throughout 
the twenty odd years during which I have been keenly interested in the 
possibilities of artifleial flbres, and it has so far proved itself erroneous to such 
an extent that the world's output of artifleial silk is now bigger than the whole 
Egyptian cotton crop. Whatever the appearances may be in England, the 
contents of the cosmopolitan shops of Cairo lend no evidence to such a belief, 
it seems to me far more likely that the past few years of competition between 
artifleial silks and the fine cotton textiles has been a temporary phase, and the 
prospective victims of the artificial flbres are the inferior kinds of cotton and 
yam. 

But if cotton will continue to desert its proper textile employment in favour 
t)f engineering uses, this antagonism will not matter much. The cotton spinning 
industry of the future might be largely divorced from weaving, concentrating 
on the production of cords; it will be a fine spinning industry, working with fine 
(ottons, but usually spinning them into coarse counts. My gutss is — that the 
culificial fibres will be successful in their rivalry to the wrong kind of cotton 
spinning, but that the world demand for the best kind of cotton yarn will keep 
this modified form of cotton industry occupied for an indefinitely long future. 

Extensions of knowledge and method during recent years 

Twenty -five years have elapsed since I first visited Manchester in the capacity 
of a botanist who, being concerned with the genesis of the supply of Egyptian 
cotton, was finding it necessary to leam something about the consumption. 
I'hc j)rocess of learning was difficult to a degree which is almost incredible to-day. 

'1 1k‘ traditional secrecy of the industry made one's chance of learning anything 
tontingent on the chance of meeting one person here and another there who would 
gi\e second-hand informatioi^ There is still far more secrecy than is profitable, 
but ray fortunate successors can get on to lines of communication where they 
leam more in a day than 1 could leam in a fortnight, and they can use the 
shorthand of scientific terminology for the purpose. 

There has been a revolution. For that revolution, and for the profit which 
has accrued to the industry in consequence, the industry is primarily indebted 
to the late Mr. John Wanklyn McConnel. As a cotton spinner of the third 
generation, with a knowledge of home agriculture, and an extensive experience 
of cotton growing overseas, he was the first to appreciate the inevitability of 
I lose liaison between spinner and grower, and to realise how little real knowledge 
of the cotton was to be found underlying the industry's intimate knowledge of 
the machines. At a later stage we jointly discovered similar ignorance of the 
yarn, and the generalised efforts which the Textile Institute had begun for 
all textiles were by him specialised and extended to both sides of the cotton 
industry. Starting from a Board of Trade Committee on textiles, he became 
the moving force in the crystallisation process which formed the British Cotton 
Industry Research Association, and then the Empire Cotton Growing Corjjoration. 

So many changes have taken place since the century began that it is not 
easy to find a grouping for them which will include both the greater and the 
less. Nor is it easy to know which is which; some discovery apparently of trivial 
importance, may bring about a change in outlook which is of enormous 
importance. When I climbed down a hole in the ground among the cotton 
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plants in a garden on the Gezira at Cairo, in 1908, armed with a needle jet of 
water from a force pump, and made myself very muddy by washing out a cotton 
root until I had tracked it to a depth of seven feet below the surface, I could 
appreciate that this interesting observation would affect our ideas about suitable 
soil conditions, but 1 failed to realise that it would permeate our whole outlook 
on every cotton growing problem, and would be at the present time of Imperial 
interest in the Sudan. 

Cn the whole, having regard to the greater growth capacity of an idea (though 
itself derived from a grouping of facts) over and above the potentialities of a 
fact, 1 am inclined to select two ideas from the list of miscellaneous jottings which 
1 made when preparing this lecture, and to give them pride of place among 
these extensions of knowledge in the cotton industry. One is the late Prof. 
Johannsen's idea of *'pure lines,’" the other is the idea of translating all cotton 
problems into terms of single cotton hairs. 

I put the work of the late Prof. Johannsen of Copenhagen in the first rank of 
discoveries affecting the cotton industry because of the certainty which it has 
given to the seed supply whereby our ra\\ material is grown. Johannsen’s 
work is, in oni‘ sense, quite secondary to that of Gregor Metidel, whose law of 
gametic segregation in heredity made the clear-cut conception of pure lines a 
possibility. But the practical utility of knowing that, after going through all 
the operations of cotton breeding (whether by direct application of Mendel’s 
law, or by partial application, or by statistical treatment and rule of tliumb, or 
by all together) one could eventually obtain a family of plants which were all 
alike and would remain alike indefinitely from generation to generation, has 
been immense. It has enabled us to escape from the bugbear ol “varietal 
deterioration.’* It has encouraged us to search for the simple causes whereby 
foreign individuals find their way into such pure lines when a large number ot 
plants are being grown under field conditions. It has enabled us to demonstrate 
that these simple causes of contamination make it quite impossible to keep 
varieties pure in bulk, and so it has compelled us to develop the concept of seed 
renewal from nucleolus stocks, these being small enough to receive such treatment 
as will preserve them from all these causes of contamination. It has led thereby 
to a treatment of the seed supply problem which is more akin to civil engineering 
than to conventional botany, and at the present day we utilise cold storage to 
preserve nucleolus seed, filmy gauze cages of stainless steel to exclude foreign 
pollen from the nucleolus plants during the first yedr of propagation for renewal, 
special seed-sowing methods to hasten us over the dangerous second year when 
the risks of contamination are enormous, and scientifically considered arrange- 
ments for the following years. Any modern variety of cotton which has once 
been reduced to the state of a Johannsen pure line is a permanent possession of 
the industry which need never be lost, and can be withdrawn from supply or 
reintroduced, as the demand may require. 

The change in outlook brought about by the pure line concept is well 
exemplified by the wonderful set of statistics obtained in the working of the seed 
control law in Egypt. These figures cover every sack of seed sown in the country, 
and entail the examination of representative samples from about a quarter of a 
million tons of seed annually. The facts demonstrated on this enormous scale 
do not leave the slightest loop-hole for the old vitalistic attitude towards seed 
supply; they not only show that all the theoretical implications of Johannsen’s 
work are true in the full glare of everyday practice, but they have recently 
showm the plant to be so consistently truthful in its behaviour as itself to reveal 
the frauds practised by some commercial firms who, to put it politely, are 
still believers in vitalism. 

1 hope my listeners will forgive me the egotism of claiming that our modem 
method of formulating cotton problems in terms of the single cotton hair is 
also important, seeing that it is my own contribution. The single hair is the 
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fundamental unit, and the properties of a bale of cotton are those of its 
constituent hairs — although the number of these in an Egyptian bale is about 
hfty thousand million. 

My point of view in doing this was not original, but was a logical development 
of earlier experience in agriculture. Having passed from the study of individual 
plants in cotton breeding to the study of populations of plants in field crop, it 
became obvious that the same techniques could be applied to the crop if the 
statistical observations made upon the crop were computed down to represent 
the behaviour of an average plant. This simple procedure at once broke 
down the arbitrary distinction between agriculture and botany, and proved to 
have all sorts of unexpected conveniences. Similarly, the single day was another 
obvious natural unit in which the behaviour of these average plants must be 
recorded. So it became a merely logical step to pass on the same procedure to 
cotton spinning, and to deal with spinning problems in terms of their own 
natural unit, which is, moreover, a structural and physiological unit of the plant. 

I cannot delay here to dwell on the great advances of scientific knowledge 
with respect to the life history and structure of the cotton hair itself during the 
last two decades. This tiny object has proved itself to present an enormous 
field for studies pioneered by Mr. Hancock and myself, wherein plant physiology, 
microscopy, and genetics are still establishing closer and closer liaison with 
statistics, with elementary and atomic physics, with organic and colloid chemistry. 
Instead of repeating a story which is already old, 1 would like to take the oppor- 
tunity of reporting some recent discoveries made in conjunction with my 
colleagues C. H. Brown and Abd el Ghallar Selim at Giza. They have found a 
case which is suggestive of Mendelian segregation of a fine cotton from a coarse 
one; also we have quite good evidence to show that the (|uantity of secondary 
cellose deposited in the hair is relatively constant and independent of 
the diameter of the hair cell; various fragments of evidence which have only 
been waiting for co-ordination give us clear indications that the outer laycis 
of the hair are in a state of tension, while the inner layers of an excessively 
thickened hair are in a state of compression. 1 must resist the temptation to 
dwell on the practical implications of these apparently trivial facts. 

Among many curious consequences of this attention to the individual hair 
1 may specify our realisation ol the relative lack of importance which can be 
attached to length of staple, in companson with the other hair properties. In 
the past there had been no technique for measuring any other property than 
length, which is the only one appreciable by the naked eye, and an altogether 
disproportionate importance has been attached to it in consequence; length 
is an advantage when other things are equal, but we are now completely familiar 
with many cases where marked inleriority in length is atcompanied by marked 
superiority in spinning, because the other things are not equal. 

Another conseejuence is a realisation of the unexpected range of possibilities 
which different vari^-ties pres(*nt, or could present, in respect of fineness. Not 
only must we separate fineness by weight from fineness by size, but we can also 
have different types of hair within the same fineness group; for instance, a wkle 
but thin walled ribbon of the same hair weight as one which is much narrower 
but possesses thicker walls, and these differences are recognised instinctively 
by spinners as presenting peculiarities in work. 

Emerging from these hair studies there is another queer inference. 1 
suggested five years ago that it might be ea.sier to advance rapidly in the solution 
of fundamental spinning problems if the experimental spinning mill were located 
in the cotton-growing country, so that the various possible kinds of raw material 
could be prepared to specification by the botanist and agriculturist. Since then 
1 have returned to the growing of cotton in Egypt, and my speculation has 
become a definite conviction. We find that the true diameter of the hair cell, 
and the intrinsic strength of the cellulose wall are definite varietal characters: 
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the form of the cross section of the hair is more susceptible to fluctuation, but is 
characteristic on the practical average. The results of spinning tests (made 
for us in Europe) from the same variety grown in different parts of Egypt over a 
length of eight hundred miles, and of difierent varieties grown in the same locality, 
show evidence of the difficulties under which students ol cotton spinning must 
labour when the raw material of their experiments is not personally familiar 
to them: for example, we know that no reliable data can be obtained in the 
comparison of one variety with another unless the two have been grown in the 
same spot at the same time on soils which arc made identical by the system of 
interlacing plots on a chequer board. A proposal establish an experimental 
spinning mill and its technological laboratory was approved by the Eg 3 rptian 
Government some three years ago. but the project is not one to be undertaken 
lightly, on account of the enormous diuinal variation of humidity and temperature 
in Egypt, which necessitates highly specialised arrangements if fine spinning is 
to be attempted successfully. The delays in reorganisation of the of her branches 
of our work have so far prevented me from giving this project the whole time 
attention which it would demand, but each additional year makes it more 
obvious that a technological organisation which studied both spinning and 
growing, in the same place and under a unified control, would be of much 
greater value than the sum of any two separate organisations doing the same 
work. 

I have dealt at some length with this point because the results which have 
so far been achieved in the central problem of cotton spinning are somewhat 
disappointing; 1 refer to the prediction of the properties of the yam from know- 
ledge of the properties of the cotton. Much progress has been made, but we are 
still far short of the broad generalisations which will eventually be obtained. 
Indeed, it has taken the technologists a surprisingly long while to realise the 
centrality ol this problem; I had been working on it myself for five years when 
I ventured to offer it as such in a committee which was discussing programmes 
of research work ten years ago; it was intimated to me that there was no such 
problem, so — somewhat crushed — T said no more, and returned to work on it. 
Five years later it began to attract notice, and last year T heard it described as 
the fundamental subject for cotton spinning research ! 

It is not without significance that during this period we have seen substantial 
practical advances in the construction of yam, exemplified by the way in which 
it has become possible to build tyres from Uppers, which will do the same work 
as was formerly done by Sakel. I have already mentioned how Mr. McConnel 
^d I came to realise our ignorance of the properties of yam, and although that 
ignorance is decreasing, I venture to think that our knowledge of the cotton is 
still far in advance of our knowledge of the yam. It is true that yarn is a complex 
structure mechanically, by no means easily submitted to rigirl analytical treat- 
ment, but an astonishing commentary on our erroneous treatment of its problems 
in the past is provided by our failure to realise that the singles yam is not a 
finished product. Just because it is the end-stage of cotton spinning we have 
regwded it as a product: yet in reality it is no more than a convenient form in 
which to carry the cotton away to the next process, whether for doubling or 
for weaving, just as the scutcher-lap is a convenient form of presentation to the 
card. We should not dream of attaching anything more than a minor importance 
to the properties of cotton as manifested in a scutcher-lap. 

Thus it follows that the nearer we approach to the completed fabric or cord, 
the more do the properties of the cotton itself assert themselves, and although 
the substitution of an inferior cotton becomes possible through technical im- 
provements in methods of construction, yet the better cotton will give the better 
result when other things are equal. The essential unity^of interest between 
the technological problems of spinner and grower is thereby emphasised once 
more. 
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The geueral position with regard to these changes in the technology of cotton 
spinning during the past two decades may be summed up by the statement that 
we have emerged from the stage of obsession by the machines tliemselves, and 
are concentrating our attention on the reactions of the cotton to the machines. 
(')ur former obsession by the machines was a natural survival of the justifiable 
pride in machinery which marked the industrial revolution; we are now^ passing 
mt() a stage when physical science is taking control. 

It would not be fair to conclude this section oi my lecture without some 
further reference to the advances in agricultural technology, over and above 
the advances in seed control already discussed. A bird’s eye view of these may 
he obtained bv a glance through the annual reports from experiment stations 
published by the Empire Cotton Growing Oirporation, especially the early ones. 
The increase of knowledge has been so great tliat wluTcas cotton was one of the 
least -understood crops at the beginning of the century, its reactions to conditions 
ot cultivation are now more fully comprehended than those ol an\ other crop, 
not excepting such familiar friends of man as the wheats and barleys. I like to 
imagine that this is largely due to the lucky conception of the crop as a multiple 
of the av'erage plant, to which I have already referred. It is also due to the 
conv^enience with which records of grow^th, flowering, and fruiting can be made 
and presented as plant development graphs, showing the life-history of the 
average plants throughout the growing season; the exactitude which can be 
obtained in this way, when combined with the technwiue of chequer-plots, is 
almost incredible to those who have not been brought up among such work; 
a yield-ditterence of 5% between two different agricultural treatments can be 
liemonstrated with certainty, and analysed out into its components. l‘he 
essence of the matter is that we are no longer content to deal with total yield, 
but only with analysed yield, and it is now a matter of everyday experience to 
find that tw'o sets of conditions may both arrive at the same total yield, and yet 
do so by completely dissimilar paths. 

Whereas I had great difficulty twenty years ago in persuading would-be 
i*x])erimenters that the practical difficulties involved in handling large numbers 
oi small chequer-plots, as first advocated by Wood and Stratton, and in taking 
plant-development graphs from them, were by no means insuperable, and were 
well worth wdiilc, to-day w'e are seeing this technique extended to such an extent 
that not only are groups of 125 plots handled with two variable factors involved, 
but three-factor and four-factor experiments are being conducted successfully. 

Since my return to work on the experimental farm at Giza near Cairo, where 
fxperimental cultivation has been in progress since 1898, we have seen our way 
towards eliminating a great deal of the uncertainty caused by local variations 
of soil, which at present can only be counteracted by averaging out on repetitions 
ol small plots. Just as the plant development graph system has changed the 
probable error of any one plot into an error which is tangible and no longer 
liypothetical, so the study of data from crops grown on the same spots in successive 
vears has shown, when combined with study of the soil conditions on those spots, 
that the probable error due to soil variation is also tangible; groups of plants 
separated by distances of only ten meters are showing the same differences iq 
T930 that they showed in igi2. It is becoming possible, given sufficiently 
Ultimate knowledge of soil variation in any given site, to dispense with much 
reduplication of plots and apply corrections for soil variation instead. But the 
<‘xtent of this variation is enormous, since the deep-rooted habit of cotton plants 
makes it necessary to take into consideration not merely the top foot of soil, but 
‘^Iso the soil which lies two metres and more below the surface. My colleagues at 
Giza have found that the root races dowmwards under favourable conditions at 
a rate of a metre a month, and any arrest of that development exercises an 
immediate and irreversible check on the development of the aerial portions of 

plant, whether such arrest be due to meeting a waterlogged layer, a layer of 
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comparatively dry soil, or a layer which contains toxic substances, with or 
without deficiency of oxygen, even when such a layer is more than two metres 
underground. 

Dr. Templeton has also demonstrated a most extraordinary condition of 
root-suicide, where the drain of water into the root from a stifi clay layer causes 
the clay to crack in all directions and so smashes the roots. 

The observational difficulties involved in these studies of the underground 
portion of the cotton crop are almost insuperable, but their very difficulty makes 
the problem the more interesting, now that we are realising more completely 
how important and enormous is this hidden portion of the cotton crop. 

Speculations concerning the future 

It may be futile to speculate on the future possibilities of cotton technology, 
seeing that such speculation involves an initial assumption that the industry 
itself will survive the pressure of industrial and agricultural competition. But 
speculation tempered with a trace of scientific justification in an attractive 
occupation, and certain considerations embodied in the two preceding parts of 
this lecture make it almost imperative that 1 should complete the process of 
committing myself. 

Following the industry from the seed bed to the doubling mill we can see 
reason to expect an intensification and specialisation of the agriculture of cotton, 
with a concomitant disappearance of the inferior kinds from the world's markets. 
Such inferiority will not be judged merely in terms of length, but the short 
staples will probably disappear, and (although the gimeral tendency to increase 
the length of staple cultivated will probably continue) it is likely that (*xcep- 
tionally long cottons will also be at a disadvantage. The structural advantage 
given in yam by each additional millimetre of length is a diminishing quantity, 
and it may well be the case that the convenience of being able to feed all kinds 
of cotton into similar roller settings will eventually lead to a kind of standard- 
isation of length, leaving the differences of demand to be adjusted in terms of 
fineness, because such differences in fineness call for relatively small alterations 
in machine setting compared with those demanded by length differences. 

The possibilities of cotton breeding for quality have scarcely been surveyed 
as yet, while even now it has been found possible to breed lor increased >ield in 
such a specialised cotton-producing area as Egypt. 

The better understanding of the physiology of the crop is leading to increases 
of yield from the same variety on the same land, again in Egypt, which — a> we 
have already seen — implies that other cotton-producing countries must either 
follow suit to an extent comparable with the intensity of their food production 
demand, or abandon the growing of cotton in order to feed their increasing 
populations. In the case of Egypt, where the available area is strictly limited, 
and can only be increased by aliout one quarter at the most, T estimate that the 
present eight million kantar crop might eventually reach fifteen millions by such 
increase combmed with intensification of culture, under the limitatk'» s imposed 
by agricultural, economic, and social requirements. I'he possibiliti^.. of other 
countries must vary with their local conditions, but among these J place very 
high the stability of their climate from year to year, leading to a reasonable 
certainty of an even-running product from season to season. 

Failing the development of extensive applications of the sorting technique, 
to which 1 shall presently return, I can see no future for miscellaneous and 
unstable cotton crops. 

The limiting factor of labour in the picking operation is most serious, and 
presents a problem for which no solution is yet evident. Cotton picking machines 
have been devised by the dozen, all rea.sonably satisfactory in operation. A few 
years ago we saw the picking process cheapened in Ameripa by not picking at 
all, but merely tearing off all the bolls with a “sled," and spending more afterwards 
at the ginnery in cleaning up the collection of rubbish thus gathered along w ith 
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the cotton. It was a paying proposition temporarily, but unfortunately it is 
irreconcilable with the inevitable tendency of the industry to specialisation, 
which demands clean cotton from the grower, to such an extent that certain very 
highly specialised spinners will pay far more for high grade raw material than 
it would cost them to clean up moderate grades to the same level. Part of this 
latter anomaly may be due to the fact that grade is, on the average, closely 
associated with quality; low grade cotton is usually cotton which has remained 
too long on the plant and been weakened and tarnished in consequence. It is 
possible, and 1 hope to obtain direct evidence on the point, that pickings taken 
at very short intervals to ensure the minimum loss of quality from this cause, 
might be taken by some machine so roughly that their grade was low, and yet 
the cotton would be as good as the highest grade cotton except for the difference 
m waste loss. Whether this waste loss would balance out the economies in 
picking costs remains to be seen, but it is a possible line lor economic research. 
For the moment it is clearly the case that cotton is picked far too infrequently, 
even in Egypt where far greater uniformity of lots could be obtained by short 
period picking, and it is also clear that no mechanical method can obtain the 
high-grade lots lor which the spinner is willing at present to pay more than they 
neod be worth, though probably not more than they happen to be worth under 
the present agricultural and commercial conditions. Another factor operating 
against mechanical picking is the high density of planting which is being found 
necessary in order to obtain maximum yield.s, which high yields are obligatory 
in order that cotton may compete with the food crops; at the present day 
the optimum density in Egypt is double what it was twenty years ago, on account 
of pink boll-worm, and even in those days the plants were too close together 
for the convenient use of a picking machme. It would seem that the problem 
c»l the cotton -picking machine is more likely to be solved in the spinning mill 
than in the field. 

The cottfm picked in the fields passes thence to the ginner and the merchant, 
and we here find a phase of the cotton industry which has no technology, but 
only an expert knowledge. It is probable that some form of organised research 
will be found ]irofi table here also, but for the present it is merely being infiltrated 
slowly with technical developments from above and from below, from the spinner 
and from the grower. I have already commented on the improved technological 
relations between grower and spinner, so that they can now to some extent 
discuss their common interests in the common language of science; that community 
of language is still defective so far as the merchant is concerned. Yet the part 
which the merchant can play in marring the best-laid schemes of the grower, 
or m failing to respond in the right way to the requirements of the spinner, is a 
A cry important one; conversely, merchants who keep in the current of technologi- 
cal advances can render most valuable services. 

The average merchant still believes that the best seed to use is that which is 
obtainetl from the best-looking sample of cotton; he would not dream of using 
seed from a low grade late picking off one of our pure nucleolus stocks at Giza. 
A statistical demonstration of the fallacy of this beUef on a grand scale is never- 
theless on record. Even while preparing this lecture 1 was formally requested 
to collect prize samples from an agricultural show and propagate them in order 
to improve the Egyptian crop, although all the seed from which they were 
grown had passed through our own seed -control laboratories. 

The International Federation of Master Cotton Spinners has taken a very 
strong line in the reciprocal case of mixing varieties of lint, not so much from 
the spinners* view-point as on account of the difiiculties involved in the finisher's 
work when hairs which differ more than they need are undergoing treatment. 
It is common knowledge that an unscrupulous merchant can mix certain varieties 
together without any likelihood of the mixture being recognisable by the most 
expert judges; again we need extensions of our technology to supplement the 
judgments of hand and eye. 
c 
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The development of standardisation in other industries is affecting the 
merchanting of cotton. Not only have we the demand for standard specifi- 
cations in the matter of varieties, which will become more insistent as the 
improved control of seed supply renders the varieties more sharply distinct 
from one another, and in its turn necessitates greater exactitude in the commercial 
handling of the seed of each, but the standardisation of moisture content is 
almost an accomplished fact for Egyptian cotton. The nineteen-year-old discus- 
sion on this matter has revealed very clearly the need for more technological 
equipment on both sides. 

contemplatmg a spinning industry which is being supplied with correctly 
specified and standardised raw material we pass to my final speculations on the 
form which cotton spinning will take in the future. 

At the beginning of the process I expect developments to take place along lines 
first suggested many years ago by Mr. A. S. Pearse on first becoming acquainted 
with my Sorter mechanism. It seems absurd that the orderly arrangement of 
fairly parallel hairs which is accidentally achieved on the roller of a McCarthy gin 
should be recklessly thrown away by stuffing the cotton without any order or 
arrangement into a conveyor and so into the press. In an experimental plant 
for spinning-test work, I should feed high-grade cotton almost direct from the 
gin to the card; how the same result might be achieved in commercial practice 
is well worth study. 

The absence of any technique for bulk sorting of cotton into classes character- 
ised by different lengths and fineness was mentioned at an earlier stage of this 
lecture. To a slight extent the card and comber may be regarded as sorting 
appliances, though only secondarily to their other functions, but there is no such 
prior separation into classes as the other textile industries can effect. I have 
demonstrated experimentally that such sorting is mechanically possible for length 
differences, but the practical result of spinning such sorted cotton was to show 
that the long-cherishcd distinction of length was relatively unimportant; speaking 
roughly, a cotton which is twice as long makes twice as strong a yam, whicli is 
insignificant in comparison with the effects predictable as the result of sorting 
for fineness, if and when that is accomplished. The everyday achievement of 
length sorting can therefore afford to wait until fineness-sorting can take place 
concurrently with it. It needs no effort of the imagination to realise what this 
would mean to the industry in the matter of making badly-grown supplies avail- 
able for good spinning, though even then we should still be dependent on the seed 
supply for the provision of a high intrinsic strength in the hairs, because it appears 
(as already stated) that the true tensile breaking stress of the cellulose wall is a 
characteristic which is specific for each variety, and is only slightly affected by 
the conditions of cultivation. 

Less remote than these possibilities of sorting arc the possibilities of employing 
super-drafts, so that the transition from the finishing draw-frame to the yarn may 
avoid the successive passages of flyframes, with their concomitant labour costs. 
In collaboration with Mr. F. Hutchins 1 have demonstrated the possibility of 
satisfactoiy^ spinning direct from the draw-frame sliver into loo's count with a 
single super-draft of two hundred; there is a ring* spinning machine actually on 
the market which uses two stages of high draft on the same frame to achieve the 
same result; there aie possibilities in physical research on the hair which might 
give us super-drafts by other means than mechanism. That super-draft machines 
would be complex and expensive is self-evident; some of their moving parts would 
have to be built to far higher standards of accuracy; more specialised operatives 
would be required to supervise them. But in order to pay for the machines and 
for the labour, we can draw on the money which at present we pay not only for 
the spinning niachines but also for three sets of flyframes and for the labour which 
attends to them. 

Still nearer to actual realisation within a very few years is the advent of a 
satisfactory continuous spinning machine. In this case not only is the theory 
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adequately worked out, but the simple practical means of accomplishing it only 
wait commercial development. I refer to the arrangement which I designated as 
the *‘Rule'' frame, it being a ring frame with nearly all the good points of the mule. 
A frame built on these lines, namely, with a long stretch of freely vibrating yam 
between the drafting rollers and the spindle, is already on the market as the result 
of quite independent investigations in Germany; curiously enough, this Hartmann 
machine misses an essential characteristic of my rule frame, in that it retains the 
unnecessary and disadvantageous constraint of a thread-guide. I have a strong 
belief in the possibilities of this type of spinning machine. 

One might continue speculating on these possibilities indefinitely, but the four 
which I have enumerated are definitely the major possibilities of cotton spinning. 
It may perhaps interest my audience to know how these considerations have 
resulted in a practical project for the design of an experimental fine-spinning-test 
plant in Egypt, to which I have previously referred. The difficulties in the 
design of this are not confined to the provision of a thermostatic and hygrostatic 
Imilding, which will level out the enormous diurnal variation of spinning con- 
ditions, but also include the provision of operative staff; it would be comparatively 
easy to provide staff which is accustomed to the manipulation of complex and 
delicEite apparatus, but very difficult to create a small class of routine operatives. 
When it becomes possible to proceed with this project 1 intend to try to do it with 
only three machines. The building will of course contain laboratories for hair- 
testing as well as yam-testing, and rooms for storage and grading under the same 
standardised air conditions. The ginning will take place in the cardroom, and 
the giimed cotton will be fed undisturbed to the card by suitable arrangements; 
the high grade of all samples cultivated for experimental comparisons makes this 
possible, and the direct comparisons required also enable combing to be avoided. 
The carded sliver after passing the drawfxames will be condensed by mbbers for 
direct spinning by double high draft in the Casablanca type of machine, which 
will be modified from a ring frame into a rule. The project is necessarily experi- 
mental, but there seems every reason to think that, while evading the almost 
insuperable difficulties involved in attaching such a plant to a set of agricultural 
research laboratories, its deviations from conventional practice will rather 
intensify the natural differences from sample to sample, the detection and analysis 
ot which is the object of its installation. 

Certainly the time is long past when the cotton grower could depend on the 
litind and eye judgment of the grader in working out his experimental results and 
his development projects. 1 find the contrast with my pre-war experience in 
Egypt almost amazing in this respect; the Alexandria expert is now a valued 
collaborator, instead of being the Ix)rd High Executioner, the only authority on 
quality, speaker of the last word on the choice of cottons to be propagated, and 
the ultimate court of appeal. I have elsewhere recounted some cases of conflict 
between graders' judgments and the real facts ascertained; since my return to 
^’Kypt I have quadrupled the number of such cases; but they are now being 
d(dcctcd in a process of collaboration wherein the work of the grower, grader, and 
sjunner are co-ordinated towards founding a system of technology for the merchant 
himself. 

Lastly I would like to refer to the organisations which have already brought 
about these advances in cotton technology, and will eventually carry them further 
than the limits of my speculative moments. The material resources of the 
laboratory, the library, the experimental farm or mill, and the co-operation of 
farmer, merchant, and spinner themselves may be taken for granted as inevitable 
nec(»ssities. But the weakness of the system under which these resources become 
available for use, resides in the teamwork system, which is also inevitable, and is 
indeed not merely desirable, but invaluable; nevertheless it is as true in technology 
as in pure science and in administration, that teams and committees have no 
initiative, and that every constructive step has its origin in the personal initiative 
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of some one individual, more often a young man than an old one. It is rather 
characteristic of the British that their systems of organisation lose their first 
splendid flexibility and power of initiative as they increase in size, and I sincerely 
hope that this danger will be watched in the growing organisation of cotton 
technology. Another form of the same danger can be seen in more than one 
instance familiar to me, where a wide diversity of inter-related technological 
problems is pursued by independent efforts, lacking the co-ordination which brings 
all the different threads together, and builds up a picture of the wood in spite of 
the trees. 

In conclusion I would express my appreciation of the honour conferred on me 
by your President and Council by inviting me to provide the Mather Lecture on 
this special occasion of our coming-of-age celebration, and 1 am glad that it has 
been possible to choose a subject which, in its mingling of mechanical, textile, and 
agricultural topics, is one which would have appealed to the founder of these 
lectures himself. 

The Chairman said they were extremely obliged to Mr. Hancock for the 
sympathetic way in which he had read the lecture. Personally, he would like to 
have this lecture read again in five years to the same audience; he thought there 
was so much that was prophetic in it and so much that they would find realised. 


Professor A. F. Barker, I^eds, then took the chair, and a lecture was delivered 
by Mr. A. Abbott, C.B.E., Chief Inspector of Technical Schools, Board of Educa- 
tion, on the subject of “Technical Education for the Textile Industry.” 

The Chairman said Mr. Abbott was to speak to them on the matter of education 
for the textile industry. As chairman, he would have liked to say a lot about 
the importance of this paper, but as time was late he would at once call upon 
Mr. Abbott. 

TECHNICAL EDUCATION FOR THE TEXTILE INDUSTRY 

By A. Abbott, C.B.E. 

(Chief Inspector of Technical Schools, Board of Education). 

When T undertook to read this paper my instructions were rather vague. 
I understood, however, that while I might speak generally on the subject of 
technical education, I ought to make special reference to textile education, 
since one of the main objects of this Institute is to raise and maintain the level 
of technical knowledge amongst those engaged in the textile industry. 

1 propose, therefore, to deal first of all with the general question of technical 
education, and then to discuss some matters affecting that branch of it with 
which we here are particularly concerned. 

Until the Industrial Revolution, which took place 150 years ago, technical 
education, in the modem sense, did not exist. Practically all skilled occupations 
were handicrafts carried on in traditional ways and taught by successive genera- 
tions of craftsmen to their apprentices. With the coming of power-driven 
machinery, and the progress of invention and discovery, the system of apprentice- 
ship began to decay. A smaller proportion of workmen needed great skill of 
hand, and attention began to be devoted to the scientific principles underlying 
workshop practice; in other words, a tendency arose for skill to be transferred from 
the craftsman to the man engaged in producing the machine which was to supplant 
him. These circumstances led to a recognition of the fact that the complete 
training of an industrial worker may conveniently be divided into two parts — 
one of them given in the workshop itself, and the other entrusted to the school. 
The former part gives the workman manipulative skill, while the latter part, 
which we now term “technical education,” aims at giving him a knowledge of 
the relevant scientific principles. 
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The necessity, or at any rate, the convenience of regarding a complete training 
for industry as consisting of these two parts, was clearly seen by the founders of 
the early Mechanics' Institutes a century ago. In the prospectus of the Man- 
chester Mechanics' Institute, for example, it was stated quite definitely that it 
was not the business of the institute to teach workshop practice and to train 
carpenters, dyers, and other workmen in workshop operations, but rather to 
give them a knowledge of the principles underlying the practice of their 
occupation. 

The promoters of the early Mechanics’ Institutes appear to have started with 
very high hopes. In their day they had seen England — and especially the North 
of England and the district round Birmingham — ^transformed from an agricultural 
to an industrial country which was quickly to become "the workshop of the 
world." They knew that one of the main causes of this transformation had been 
the swift progress of invention and discovery; and they had noted that many of 
the far-reaching inventions had been made by unlearned men . It was accordingly 
<iuite natural for them to believe that further progress would be rapid and that 
the Mechanics' Institutes would contribute greatly to this progress by teaching 
working men something of the science related to their craft. Their hopes were, 
however, doomed to disappointment. The fact was that before the Mechanics' 
Institutes could devote their attention to teaching scientific principles, these 
principles had first to be discovered; and the process of discovery seems to have 
been much slower than was anticipated. Further, although mechanical in- 
ventions have often been made by men of little education, most important 
improvements can only be made, or their real value appreciated, by men who 
have had a prolonged scientific education. 

Accordingly, technical education, as we now conceive it, made slow progress 
until considerable advances had been made in our knc^wleclge of physics and 
chemistry. The practice of dyeing, for example, was necessarily to a great 
extent empirical until a much later period in our industrial history, since its 
scientific practice had to waif for a great increase in our knowledge of organic 
themistry. 

It was for these reasons that the development of technical education was 
delayed until the universities — and men trained in universities — ^had been for 
many years engaged in research in "pure science," that is, in the gaining of know- 
ledge for its own sake rather than for the sake of utilising it in industry". This 
delay was inevitable so tar as those industries which depend directly on the 
application of science to production were concerned. Moreover, technical 
education — in the sense of teaching scientific principles first, and then showing 
how they can be applied to industrial practice — cannot, even now, be regarded 
as having reached a high degree of development except in the case of those 
industries whose fundamental principles have been the object of study and 
research in universities for generations, that is, in engineering and its branches 
and in the chemical industries, including metallurgy. 

There is, however, another group of industries in w hich the relation of work- 
shop method to scientific principles has not been so fully explored as in the case 
of engineering and the chemical industries. The textile industries belong to this* 
Rroup, and the late application of science to them has probably been due in a great 
nieasurc to the difficulties inherent in the scientific investigation of raw materials, 
which vary in t3rpe and quality according to their origin and their breeding, and 
have to undergo a long scries of mechanical operations, and possibly some chemical 
treatment. 

Whatever the reason may be, there is no doubt as to the facts. For many 
years the problems of the Textile Industries were not systematically explored by 
groups of trained investigators aiming at discovering the qualities of their raw 
niaterials and relating these to industrial practice. Even in the universities it 
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not possible lor the textile departments to carry their investigation of pro- 
cesses very far until more was known of the physic^, chemical, and biological 
properties of the various textile fibres. 

The necessary consequence of this delay to apply research to the industry was 
that the technical education provided for its personnel consisted mainly in a 
systematic account of the various operations and of the way in which these are 
modified to meet different materials and varying conditions, together witli such 
instruction in calculations and drawing as is needed for carrying out and super- 
vising the operations. 

It is not suggested that the technical e<lucation of students engaged in the 
textile industries is less worthy than that provided for, say, students of engineering, 
or that it makes smaller demands on their diligence and ability, but only that it 
is, from the nature of things, in an earlier stage of development; it is, in fact, 
less quantitative and more qualitative than the instruction provided for engineers. 

And here I should like to say that, looking back at the work* of the early 
teachers of textile subjects— -Ashenhurst, Fox, Myers, J. T. Taylor, and Neville — 
I say nothing of the men who arc happily still with us — ^it is impossible not to 
admire the ability, energy, and enthusiasm with which they not only executed 
their difficult task of creating a system of textile education, but also secured the 
general interest of the various branches of the textile industry in the work they 
were doing. In this they were greatly aided by the encouragement and material 
support of the City and Guilds of London Institute. 

Influence of Sdentifle Research Associations 

During the last fifteen years a new factor has arisen which has already in- 
fluenced textile education and may influence it still more, and that is the move- 
ment for organised scientific research on a co-operative basis. Ihis started in 
Yorkshire and it was mainly duo to the initiative of Sir James HinchJiffc that 
a group of Woollen and Worsted spinners and manufacturers undertook to en- 
courage the scientific investigation of the problems of their industry. At a lat(‘r 
date this association was merged in the Wool Industries Kcsearch A.^sociation, 
with its headquarters at Tornclon, Ixcds, which was set up in co-operatinn with 
the Department ol Scientific and Industrial Research. 

It is worth while to record also that the British Cotton Industry Research 
Association, with its headquarters at the Shirley Institute, owed its .start to a 
proposal made by Dr R, H. Pickard to the same Government Department that 
he should conduct with their help an investigation of tne process of sizing cotton 
yarns. At the time when he made this proposal there was no ‘‘million fund“ 
for aiding and encouraging scientific research conducted by Industrial Research 
^sociations. It was only after a conference held in the l.orcl Mayor's Parlour, 
in Manchester, in July 1916, between representatives of the cotton industry and 
of the Department of Scientific and Industrial Research, that the State definitely 
undertook to make grants in aid of these Associations. Research Associations 
were established at a later date by the silk industry^ and the linen industry, and 
it seems to me a matter for legitimate piide that the textile industries have been, 
amongst all industries, those which have adopted the plan of co-operative research 
most fully. 

If w^e compare the organisation ol research and education for the two groups 
of industries which I have mentioned, a very important difference is now obvious. 
Since it is the function of the university both to gain new knowledge and to 
train students, the universities have performed a double function for the engin- 
eering, metallurgical, and chemical industries. But in the case of .the textile 
industries, the gaining of new knowledge by scientific investigation is in the main 
entrusted to the Research Association, while the training of students is undertaken 
either by schools which, as a rule, do very little research, or in universities, where 
textile investigation over a wide field has only recently become possible owing to the 
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increase in the volume of scicntihc work on the physical, chemical, and biological 
aspects of the textile industry. 

In view of the close connection between research and education, since both 
are concerned with knowledge, it seems important that the Research Associations 
should have some intimate relationship with the schools. What form that 
relationship should take is not yet clear, but it is very satisfactory to note that 
both at the Shirley Institute and at Torridon, the Research Associations have 
welcomed the holding of courses of instruction for teachers of textiles, and that 
at the former Institution the teachers of the most important cotton schools are 
associated on a committee with which the Director is in regular consultation. 
Without close co-operation between the Research Associations, the schools, and 
the universities, there is a serious risk that the work of all of them will be 
hampered. 

Although I have discussed the Research Associations at some length, since it 
seems to me scarcely possible to over-emphasise the fact that their establishment 
has introduced a new and most important factor into the problem of textile 
education, it is with this latter problem that I am concerned to-day. In the 
past, the schools have usually provided courses in spinning or weaving, closely 
resembling one another in each textile area, to be taken by all students, whatever 
the type or grade of their work. It seems likely that the schools will have very 
soon to consider whether they are justified in retaining this plan. A modem 
tendency in technical education is to consider whether students cannot be divided 
into groups having somewhat similar educational antecedents and possessmg 
homogeneous educational needs. For example, it was formerly customary to 
provide for students engaged in engineering works, whatever their occupations 
might be, a fairly uniform course of instruction, which included such subjects 
as machine construction, mathematics, ai)plied mechanics, and heat engines; at 
the present time courses differing considerably from these are being devised for 
moulders, pattern-makers, machinists, and the like. There is thus arising a 
differentiation in the types ol iiistructi ni provided for recruits to the different 
branches of engineering; and, further, there will ultimately be different grades of 
instruction suitable for artisans and foremen, for works* managers, for salesmen, 
and for designers of machiner>\ Does it not seem Ukely that instruction for the 
textile industries will ultimatc'ly follow along the same lines ? 

There must be at the Research Institute and in the universities well- trained 
scientific workers who appreciate thoroughly the problems of the industry; there 
must be well-educated mill managers of broad outlook; and there must be com- 
petent overlookers dealing with sections of the operations without necessarily 
having a full knowledge of the whole of the operations of the mill. 

Essential Managerial Qualifications 

No one who has visited a Research Institution for the textiU' industries can 
have an^'^ doubt that it should be staffed, in the main, by men whose main quali- 
fication is their knowledge of science. They must have acquired such a familiarity 
with the principles of the science underlying workshop processes as will enable 
them readily and effectively to deal with the particular set of problems presented 
by the textile industry; further, tlicy must have the “team spirit,*' as it is essential 
that they shall work together harmoniously for a common end. 1 1 is natural t hat 
the industries should look towards the universities w^hen they are seeking men 
with this knowledge and this attitude of mind, although certainly they should 
not regard the university as the only source of supply of suitable men. From 
what I have said, it will be clear, I think, that in my view it is not usually the 
textile specialist that is needed for advanced research in textiles, but rather the 
man whose undergraduate course has been in pure science or in engineering, and 
who has made some post-graduate study of textile problems. But these are 
high matters: and perhaps I am not competent to hold an opinion worth men- 
tioning on them. 
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With regard to the mill manager, it is no longer sufficient for him to know 
thoroughly — as he most certainly does — existing practice. He has two other 
important duties — 

(a) He must be able to understand the exact bearing on day-to-day practice 
of a new piece of knowledge communicated to him by his research 
organisation and must be ready to modify hLs own practice if he sees 
that advantage will result. 

(h) He must be skilful in distinguishing in his own daily experience those 
problems which should be referred to the Research Association for their 
solution, and the other minor difficulties which should be solved by him 
and his stall. 

These two additional demands which are now beginning to be made on the 
organisers and controllers of textile factories are such as to cause every one of us 
who is concerned with textile education to reflect on the present system and to 
ask himself whether, in fact, the schools are providing a sufficient number of men 
with those essential qualifications which are more conveniently and effectively 
developed by education than by works* experience; and even if we do not ask 
ourselves the question, we must not be surprised if it is put to us by the in- 
dustrialists who have for a dozen years been contributing to scientific research. 
What is our reply to be ? I think it must begin by making it clear that the 
question is not one for the textile schools alone, but one with which nearly every 
type of educational institution is concerned; and, further, that if there is any 
failure of the educational system to meet adequately and quickly the new 
demands, part of the responsibility for this rests on the industry itself. 

It is obvious that the qualifications nc'cdc d by a man who is to control success- 
fully the whole of the operations of a modern textile factory, using to the full 
all the relevant available knowledge and submitting regularly to his research 
organisation the more dithcult problems he encounters, cannot be acquired 
without a prolonged training. They include not only a sound knowledge of such 
subjects as physics, chemistry and mechanics, and an intimate acquaintance 
with the properties of raw materials and existing processes, but also such qualities 
as self-reliance, resourcefulness, and great mental alertness. It seems desirable 
therefore that a man who aims at becoming the organiser and supervisor of a 
modem mill, or of a group of mills, shall have received a full-time education up 
to the age of at least i6; that is, he should have a broad foundation of general 
education, including some knowledge of science, on which to build his further 
studies. 

This suggestion may seem rather revolutionary, when the present method of 
recruitment in the industry is considered; it is to be remembered, however, that 
during this century the whole system of education in this country has been 
developed and greatly modified. Until the Education Act of 1902 came into 
force, there was not in England a comprehensive system of secondary schools, and 
nearly all recruits to the textile indu.stry entered it from the elemonlary school 
at the age of 13 or 14. The more able and diligent of these recruits equipped 
themselves by attendance at evening schools and by private study for responsible 
posts, and it is to men with this kind of early career that much of the credit for 
maintaining the efficiency of this important group of industries belongs. 

During the last few years it has become customary throughout the country 
to examine all children in attendance at elementary schools when they reach 
the age of ii, and to transfer the more capable of them either to central schools 
with a leaving age of about 15, or to secondary schools with a leaving age of 16 
or more. Accordingly, any industry whose successful practice demands the 
application of science to its problems, must take account of this great change in 
the educational organisation of the country. If it continues to recruit its new- 
comers mainly from the elementary school, and to rely on finding among them 
in the future its most responsible officers, its welfare is likely to diminish 
considerably. 
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The rate of development of education beyond the age of 14 may be gauged by 
observing that there are now at least 300 Central schools in England and that 
there are more than four times as many pupils in grant-aided Secondary schools 
as there were 25 years ago. 

Two comments on the present state of afiairs should be made. In the first 
place, no one wishes to suggest that the boy whose full-time education has 
finished at 14 should not be encouraged and helped by every possible means 
to equip himself for the higher posts in industry in exactly the same way as in 
the past; and, in the second place, it should be clearly understood that the 
recruitment to the textile industry of youths with a preliminary education which 
is both broader in content and longer in duration docs not mean that they would 
come from a different social stratum, but only that they would travel by a 
different path. 

There is no doubt that the syllabuses and methods of instruction in textile 
schools as a whole are improving; but the work of the schools would be greatly 
helped and indeed placed on a higher plane if the teachers could assume with 
certainty that their more ambitious students had received the sound preliminary 
education now provided so widely in central and secondary schools. 

Requirements for General Technical Training 

In considering the education to be provided for the overlooker or depart- 
mental foreman in the textile industries, it is again of interest to make a general 
comparison with the technical education provided for the engineering and chemical 
industries which, as I have already indicated, have an obvious and direct scientific 
basis, and have been greatly aided by the work done in universities. One result 
of this has been that engineering instruction, even in our ordinary Evening 
Technical Schools, has been modelled rather closely on that given in universities, 
although the great bulk of it is on a lower plane and has a narrower scope. Ihe 
curriculum usually includes mathematics, engineering science and machine 
construction for nearly all students of 16 or more; in other words, it is normally 
so constituted as to be very suitable for the youth who is ambitious to occupy 
a post carrying with it a responsibility different from that of the craftsman. 
There are, however, many signs that greater attention will in the near future be 
paid to the needs of the craftsman, whose ambition is to excel in his craft rather 
than to ('ntcr the drawing office, or to qualify for some other post not immediately 
concerned with workshop processes. 

Textile education, as 1 have already said, began at the other end and had in 
view at the start — and indeed for many years — ^mainly the needs of men engaged 
in carrying out or supervising the actual operations of manufacture. It is only 
recently that the need for men with a training in general science has arisen in 
that part of the textile industry which is not concerned with the finishing processes. 

So far as one can judge, it is likely that, at some lime in the future, education 
for the engineering and the textile industries, having started from opposite points 
and pursued very different paths, will arrive at approximately the same syste- 
matic organisation, which will provide adequately for the educational' needs of 
all the various types and grades of workers in both industries. What is obviously 
necessary in both, cases is full co-operation between the industries and the schools; 
and there is every reason to believe that this co-operation will be harmonious 
and complete. 

To pursue the comparison between education for engineering and for textiles 
a little farther, there is no doubt that each of them is, within the limits 1 have 
mentioned, satisfactory. A competent American observer, who visited t3q)ical 
Technical Schools both in England and in most of the countries of Western Europe 
three or four years ago, stated emphatically that he had found nothing so good 
an3rwhere as the instruction given to engineering apprentices in our English 
technical schools, and I am confident that the same judgment could properly 
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be passed on that part of textile education to which we in England have devoted 
our attention. The work now being done in our textile schools is undoubtedly 
admirably adapted for the education of men who are to exercise a rather narrow 
range of activities. The main criticisms of it that can properly be made are 
that, in concentrating attention on a particular group of operations, it does not 
always deal sufficiently fully with those operations which precede and follow this 
group: and that, as a rule, attention is devoted to the working qualities of only 
one kind of textile fibre. There can be no doubt that it is of advantage to any 
man engaged in the production of yarns to know something of the operations 
through which these wall subsequently pass, or that it will be of use to a man 
engaged in a weaving business to know something both of spinning and of the 
various finishing processes: similarly, it is ot interest and value to a man con- 
cerned wdth the cotton processes, for example, to know something of woollen and 
worsted processes. 

Developments in Textile Technical Education 

1 have now discussed the kind of qualifications which, as it appears to me, 
the three most important groups of men specially trained for work in the textile 
industries should possess, if these industries are to hold their own in the face of 
increasing competition; and I think it wdll be realised that I contemplate the 
necessity of certain developments in the system of textile education intended 
to ensure a more scientific training for the men who are to hold very responsible 
positions in the management and control of textile factories. It does not seem 
probable, or even desirable, that these developments wdll take place in a large 
number of schools, but rather that the most impt>rtant institutions will be called 
upon to devote their attention to teaching ‘'textile science" rather than "textile 
technology.** Necessarily the students who unde^rtake the study of textile 
science will have some preliminary knowledge of mathematics, physics, chemistry, 
and mechanics; they will include in their studies the physical and chemical 
properties of all the textile fibres commonly used in the industry; the conversion 
of these fibres into yarns and cloths; the chemical and physical treatment of yams 
and cloths in order to produce marketable goods; the analysis and testing of raw 
materials, yarns, and fabrics; the statistical treatment of experimental results. 
Throughout the study of processes they will be concerned more with the functions 
of the machines and the effects they are exercising on the fibres than with me- 
chanical details. Fifteen years ago, or even ten years ago, such a course of 
instruction as is described could only have been narrow’, but the amount of investi- 
gation done in the last few years on textile materials and processes has been so 
great that there is now an ordered and constantly increasing body of knowledge 
which is not only most valuable in itself but can be utilised for the training of 
men in a scientific habit of mind. These educational developments cannot be 
expected to come about rapidly, since they cannot proceed more quickly than tlie 
growth within the industry of a realisation of the advantages which can result 
from the proper application to the problems of the methods of modem science. 
But it appears to me that though these developments may be slow in coming, they 
are inevitable. I have stressed throughout this paper the importance of the step 
taken by the textile industries 15 years ago when they decided to undertake 
co-operative scientific research on a large scale for the general benefit and not for 
the advantage of only particular firms. That this step would ultimately involve 
the industries in the close consideration of textile education was seen quite 
clearly by the promoters of the Textile Research Associations. It is significant 
that in both the cotton and the woollen and worsted industries the movement 
towards the organisation of co-operative research began by the establishment of 
a "Provisional Committee on Research and Education*' for their industry; it is 
also noteworthy that each Textile Research Association took powers in its 
Memorandum of Association *'to aid and encourage the education of persons 
engaged or likely to be engaged in the said trade or industry.** 



Coming-of’Age Celebrations Report P71 

It is quite natural that the great task of building up an effective organisation 
for research has, in the case of each branch of the textile industry, tended to 
obscure the importance of developing textile education pari passu with the 
development of organised research. Everyone is aware of the fact that there 
has been for 40 or 50 years a system of textile education which has done useful 
and indeed invaluable service to the industries; everyone is aware, too, that the 
system of co-operative research has had to be created swiftly. It is therefore easy 
to understand why the second task should have occupied most of the attention 
of the industries concerned. It seems, however, that the time is now ripe for 
a careful review of the system of textile education, a review in which both repre- 
sentatives of industry and of education take part. Fortunately, there is already 
in existence machinery for this purpose. The Wool Industries Research Associa- 
tion has an Education Committee which represents both this branch of the 
industry and the schools concerned with it; the British Cotton Industry Research 
Association has established, in co-operation with the local Education Authorities, 
a Joint Standing Committee on Education for the Cotton Industry; and for those 
problems which are common to the whole gioup of textile industries there is the 
Textile Institute itself, whose (Charter 'gives it ample powers as regards both 
research and education. 

One of the matters which must engage attention in the future is the training 
of the teachers on whom the task of devising curricula and syllabuses and giving 
instruction ultimately rests. 1 have spoken already of tht‘ great value of the 
work they do and no one who is aware of the facts can fail to be impressed by 
their energy and the zeal they show not only in revising their syllabuses and 
methods ol instruction, but in improving their own qualifications for their work. 
But in iny opinion the textile teachers in the more important institutions will 
ultimately be drawn from men with the same educational antecedents as those 
which 1 have suggested as appropriate for the most responsible officials in textile 
factories. 

The teacher of textile subjects in a school of major importance will in fact 
become an important liaison officer between the two related organisations con- 
cerned with the gaining of knowledge and the dissemination of knowledge. 

There is one other point to which 1 should like to refer and that is the possi- 
bility of the Textile Institute, like other professional Institutions, co-operating in 
a scheme for the award to suitable students of what are known as "National 
Certificates." This is not the occasion to go into details of these schemes, but it 
may be said that they aim broadly at gi\ing some kind of national recognition 
to the work of students who have attended evening technical schools, have 
followed suitable courses of instruction, and have passed specified examinations 
in subjects in which the professional institutions are interested. The arrange- 
ments in each case are framed so as to combine considerable freedom for the 
school with the securing and maintaining of national standards of attainment. 

No such scheme of national certification for students engaged in the textile 
industries has yet been initiated, and it may be that the time is not yet ripe for 
it. The Textile Institute has, I understand, had the matter under consideration 
and will probably inquire more fully in order to ascertain whether a scheme for 
the award of National Certificates is likely to be both practicable and useful to 
the industry. 

Finally, on reflecting on what I have said in this paper, it seems to me that 
1 may appear to be rather pessimistic about textile education. I should be sorry 
to be regarded as a pessimist about anything, but I should be still more sorry 
to minimise the difficulties of the educational problems which face this great 
industry, in whose welfare we are all so closely interested. For more than a 
century the textile industry of Great Britain has been predominant in the world. 
The men who founded it and brought it to its high position were undoubtedly 
confronted by difficulties quite as great as those I have described and surmounted 
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them successfully. It is this fact which appears to me to justify not a weary 
pessimism, but an energetic and enlightened optimism. 

The Chairman, referring to the universities' connection with research, said 
that he thought that it was obvious that just as research in the university required 
careful consideration, so also should teaching receive careful consideration. He 
thought they should aim at a qualification of scientific craftsmanship. He 
expressed the feelings of the audience by saying how much they had enjoyed 
Mr. Abbott's paper. 

PRESENTATION OF “WARNER” MEDALS 

The President then made the presentation of the Warner Medal awarded by 
the Textile Institute for investigations in textile technology to Messrs. J. A. 
Matthew, M.Sc., A.K.C.S., F.lnst.P., J. B. Speakman, M.Sc., F.I.C., and A. J. 
Turner, M.A., D.SC. The President said — After those two very interesting and 
instructive papers, it is fitting that the next item ()n the programme should be 
the award of the Warner Medal to three gentlemen for investigations in textile 
technology. T shall call on Mr. F. P. Slater to introduce to the meeting the 
gentlemen to whom 1 have to make these awards. 

The recipients w'cre introduced by Mr. F. P. Slater, M.Sk:., M.A., M.C., of 
the Publications Committee of the Institute, who said — Mr. President, before 
asking you to present the medals to the chosen recipients, 1 should like to reiterate 
the reasons why the Institute has chosen this form of qualification for the award 
of the Wanier Medal. It has been said of the late Sir Frank Warner that he 
was a man of acute determination who, above all else, strove to carry out his 
work thoroughly and quickly. In short, he was a craftsiUcin. 

I urge that the three chosen recipients are craftsmen, who have brought the 
craftsmanship of scientific knowledge to bear upon the problems of three great 
branches of the textile industry — Linen, Wool, and Cotton. In so doing they 
have advanced the science of textile technology, the new craft to which our 
Institute gave name. Moreover, they have brought renown to our Institute 
by selecting its Journal as the vehicle* for conveying to the textile industry the 
products of their craft. Thus they stand for what Sir Frank Warner stooil, 
and they strengthen the Textile Institute, for whose existence and prosperity 
he laboured so effectively. 

The award of the Warner Medal has a double significance, in part associated 
with the name the medal bears and in part associated with the acliievement 
its award connotes. No historian ol the Textile Institute, studying its first 
twenty years will fail to remairk the name of Frank Warner on almost every page. 
A Foundation Member, a member of the first Council, and Chairman of the 
Council from its first meeting to the Annual Meeting in 191S when he was made 
President, Sir Frank Warner (he was knighted in 1017) played a big part in Insti 
tute affairs. In 1022 a London Section of the Institute was formed, very largely 
as a result of his enthusiasm and eflort, and of this Section he was the first Chair- 
man. At his death in January 1930, the London Section Committee made a 
proposition to the Council which received unanimous support, to the eftect that 
some form of memorial should be established to commemorate Sir Frank Warner's 
association with the Textile Institute. It was finally decided that this memorial 
should take the form of a "Warner" Medal. This medal was to be awarded for 
published investigations in textile technology which had appeared in the Journal 
of the Institute. Such award to be made in periods of from two to five years. 
The Council has decided on the recommendation of its Publications Committee 
that the first awards shall be as follows — 

Messrs. J. A. Matthew (Linen Industry Research Association); J. R. Speakman 
(Textile Department, I^ds University); and A. J. Turner (Head, until recently, 
of the Technological Laboratory of the Indian Central Cotton Committee). 

John Alexander Matthew was educated at Latymer Upper School, London, 
and at the Royal College of Science, where he obtained an Associateship of the 
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College and the Physics Prize. He later graduated, securing honours in physics, 
from London University, subsequently obtaining his Master’s degree. His first 
appointment was an assistantship in the Research Department at Woolwicn 
Arsenal, and while there he became a Fellow of the Physical Society. In 1920 
he was appointed physicist in the Research Department of the York Street Flax 
Spinning Co., of Belfast; while there he became a Fellow of the Institute of 
Physics. Since May 1927, he has been Senior Physicist at the Linen Industry 
Research Association at Lambeg. Here he has carried out research work in 
the measurement of the physical properties of flax fibres, yam, threads, and 
fabrics, and in the application of physical measurements to the investigation of 
technical processes of flax preparing, spinning, and weaving. His publications, 
which have all appeared in the Journal of the Textile InsHtutCt have dealt with 
the above researches and have included descriptions of special machines devised 
by him for testing fibres, yarns, and fabrics. 

John Banther Speakman was John Buckley Scholar and Mercer Graduate 
Scholar of Manchester University, where he graduated in Chemistry, taking 
honours in the subject. He then conducted post-graduate research under Dr. 
W. J. Jones, securing his Master’s degree for a thesis on “Some Phy.sical Pro- 
perties of Aqueous Solutions of certain Pyridine Bas(\s.“ His first appointment 
was as research assistant to Dr. R. Whytlaw-Gray at Eton College, Windsor. 
Here he carried out work on the “Properties of Disperse Systems in Air and other 
Gases” for the Chemical Welfare Committee of the War Office. In 1924 he was 
appointed lecturer in textile chemistry at Leeds University and was elected 
a Fellow of the Institute of Chemistry” in 1030. His published work which has 
appeared in the Proceedings of the Royal Society, the 2 'ransaciions of the Faraday 
Society, and in the Journal of the Textile Institute, has covered a wide field, but 
in the main has been based on the molecular structure of the wool fibre. During 
the war he saw service as an observer in the Royal Air Force. 

Arhur James Turner was educated at Wilson's Grammar School, Chamber- 
well, and Gonvillc and Caius College, Cambridge. In 1912, he was appointed 
assistant at the National Physical Laboratory, from which post he became 
head of the Rc^yal Aircraft Experimental Fabrics Laboratory lo Manchester 
“University and College of Technology he proceeded as l^ofessor of lextile 
Technology in 1919, which po.st he held until appointed Director of the Techno- 
logical Research I-aboratory of the Indian C'entral Cotton ( omniittee, J 3 ombay. 
His publications cover technological reports on Standard Indian Cottons and 
numerous scientific and technical papers on textile subjects published by the 
Indian Central Cotton Committee, the A<lvisory Committee for Aeronautics, 
the Journal of the Textile Institute, and various textile and agricultural journals. 
He is now on the staff of the Shirley Institute, Didsbury. 

The ceremony of presenting “Warner” Medals was follow'ed by luncheon, 
which was served in the ballroom adjoining the lecture-room to about 150 
members and ladies. 

THE INSTITUTE MEDAL 

After the luncheon, medals were presented by the President, in appreciation 
and recognition of services to the textile industry, and in particular to the Textile 
Institute, from 1910 onwards, to Messrs. A. 1 *. Barker, M.Sc., F.T.I. (Leeds), 
W. T. Boothman, F.TM. (Bolton); F. Bradbury, F.T.I. (Belfast); H. P. Greg, 
M.A., F.T.I. (Manchester), F. Nasmith, F.T.I. (Manchester); and H. Nisb(t, 
F.T.I. (Manchester). 

In January 1917, the Chairman of the Omncil, Sir Frank W^arner, raised the 
question of the position of the Institute in relation to various research movements, 
and suggested that steps be taken with a view to substantied increase of Institute 
membership.** It is no exaggeration to say that from this app^ently humble 
suggestion the developments in Institute functions have arisen. The first 
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step was a meeting of Presidents and Past-Presidents from which was launched 
the Institute Development Scheme, and its Foundation Fund. "The Fund" 
and "The Scheme" l>oth made a strong appeal to the then President — Sir William 
Mather — ^who devoted his presidential energies to these objects, and who marked 
his association with the Institute oy a donation of ;£i,ooo to the Foundation 
Fund. It was in June 1918, that the award of an Institute Medal appeared as 
an item of the Development Scheme, and it was finally decided to make such an 
award for services to the textile industry, particularly through the medium of 
the Textile Institute. The first medal was awarded to Mr. j. H. lister, who 
was a graduate in Chemistry of Owens Cxillege, and later manager of the Man- 
chester Chamber of Commerce Te.sting House. He was one of the founders of 
the Textile Institute, which he has .served as member of Council, Chairman of 
the Publications Committee, Chairman of the Selection Committee (Institute 
Diplomas), and Vice-President. The award was made in October IQ21, by I/>rd 
Emmott, who said: "Mr. Lester was, I understand, mainly instrumental in 
founding this organisation. It has certainly been to Mr. Lester's wide outlook 
that the breadth of the Institute's constitution has been clue." It was not until 
1930 that a decision to award further medals was reached, and in this year 
medals were given to Messrs. John Crompton, William Frost, Frederic R. 
McConncl, and T. Fletcher Robinson. The awards made on the occasion of the 
Institute's Coming-of-Age Celebrations are noteworthy in two respects; each 
recipient is a Fellow of the Textile Institute; each was a member of the first 
Council of the Institute; and, with one exception, each has been a member of the 
Council since. 

Aldted Fatrer Barker was a foundation member of the Institute. He was 
first engaged in textile education as Head of the Textile Department, Saltaire 
Technical School, and then for 21 years Professor of Textile Industries at the 
Bradford Technical College. Since 1914 he has been Clothworkers' Professor 
of Textiles in the University of Leeds. He is a member of the Worshipful 
Company of Weavers of the City of London, and has been admitted to the 
Freedom of that City. He has served the Institute since its inception, first as 
Vice-Chairman of the Council and later as Vice-President. 

William Thomas Boothman, who is Managing Director of John Kershaw 
and Co. Ltd., and the Haslam Weaving Co. Ltd., both of Bolton, has for many 
years been associated with the administrative side of the cotton textile industry. 
He is Vice-Chairman of the Bolton and District Cotton Manufacturers* Associa- 
tion and a member of the Central Committee of the Cotton Spinners* and Manu- 
facturers’ Association. He is a Past-President of the British Association of 
Managers of Textile Works, and is Chairman of the I^cashire Section of the 
Textile Institute. 

Fred Bradbury has occupied the position of Head of the Department of 
Textile Industries at the Belfast Municipal College for 26 years, and is Extra- 
Mural iWessor of Queen's University, Belfast. Prior to going to Belfast, he 
was occupied in a similar capacity at Halifax and Shipley re.spectively. He is 
the author of several text-books, including "Carpet Manufacture," "Calculations 
in Yams and Fabrics," "Jacquard and Harness Mounting," "Flax Culture and 
Preparation," and "Worsted Preparing and Spinning." 

Henry Philips Greg is a cotton spinner and manufacturer, being Chairman 
of Ashton Bros. & Co. Ltd., R. Greg & Co. Ltd., and of the British Northrop 
Loom Co. He is also a Director of the Eccles Spinning and Manufacturing 
Co. His interest in the scientific and technical side of the cotton industry is 
shown by the f^€ that he has been associated with the British Cotton Industry 
Research Association since its inception, and is now Chairman of its Council. 
He is a member of the Court of the University of Manchester and Treasurer of 
the Manchester Whitworth Institute. He is a Vice-President of the TextUe 
Institute. 
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Frank Nasmith was a student of the Manchester College of Technologfy 
Textile Department, and subsequently entered the spinning and weaving mill 
of Messrs. Charles Gee & Sons, Kearsley. He later joined his father, the late 
Joseph. Nasmith, who was then Editor of the Textile Recorder and a consulting 
textile engineer. On his father’s death in 1904 he succeeded to the editorship, 
which he retained until 1915, when he joined His Majesty’s Forces with a com- 
mission in the Royal Engineers, seeing service in Egypt and l^alestme. On 
demobilisation he became managing-editor for the publications of John He)nvood 
Ltd., which post he relinquished in 1927 to join the Universal Winding Co. as 
Executive Manager for Great Britain. He is a Vice-President of the Institute 
and Chairman of its Council. 

Harry Nishet was lirst associated with the textile industries as Jacquard 
Designer for Messrs. Barlow & Jones Ltd., Bolton. From 189G to 1917, he was 
Weaving and Designing Master at the Technical College, Bolton . He is a member 
of the Advisory ('omraittees of the Union of Lancasliire and Cheshire Institutes 
and of the City and Guilds ol London Institute for Courses in Cotton Weaving. 
He is a member of the Council of the British Association of Managers of Textile 
Works. He is now in private practice as*a textile consultant. He is the author 
of works dealing with Textile Design, Preliminary t)perations of Weaving, Theory 
of Sizing, and Cotton Cloth Calculations. 

The recipients were introduced by Mr. Wm. Howarth, J.P. (Past-President), 
who said it was usual on an occasion of that sort to refer to the work of the 
institute or association under which the programme had been arranged, but he 
thought it would be a waste of time to narrate to that assembly the work in which 
the Textile Institute was engaged and to give a full survey of what it was doing. 
They knew it just as well as h(‘ did. Notwithstanding that, the particular duty 
he had to do gave him great pleasure to carry through, and it was necessary that 
he should say a few things. The first thing he had to say was that they should 
be grateful to these men who in days gone by thought there was a use for the 
Textile Institute, and who laid the foundations for the Institute, and built success- 
fully year by year the .superstructure which had become better as it grew. He 
was quite sure they must thank these founders, too, that they had had the 
vision to attract to the Institute young men. When he looked round the room 
he found a blending of youth with age which should give them courage to think 
they were not the backward and effete people that the rest of the world conceived 
them to be, but that they were to the forefront in thought and practice. An 
Institute like theirs was a complete answer to the defeatist views of some people 
in this country to-day. The Institute was not an end in itself; it was founded 
that there should be built into our textile industries all that is best and most 
capable, and all that tended to keep us in the forefront ot the industrial life of 
the world. That was the broad outlook which actuatc*d Sir Frank Warner in 
1917, when he said that the Institute was not on sufficiently broad lines, and he 
thought the work could be developed in a broader and more efficient form than 
it had been up to that time. He gathered round him a band of enthusiasts to 
carry his ideas into effect until they found that day that the Institute was cele- 
brating its entry into manhood. He was sure that the new President would see 
to it that the Institute in the first flush of its young manhood would widen its 
circle of usefulness. 

They had also to thank Mr. J. H. Lester, because he was one of those on whom 
the donkey work of Institute foundation rested, and they knew it was not always 
those who did the donkey work who were fully recognised. Sometimes the 
names of some of the hardest workers were unknown to those who benefited 
by the work. Mr. Lester had been honoured by the Institute in a similar way 
to those who were being honoured that day. There were many others who had 
not had the medal but they must content themselves that their names were 
written in the book of life. The glory of life was in the race they ran and not 
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in the prizes they picked up. He was sure that the gentlemen who were to 
receive medals would not consider that their work was done because they had 
received the prizes. They could if they liked put them in the cupboard and 
forget them as long as they continued to work for the Textile Institute as they 
had done in days gone by. 

Professor Barker, speaking for all the recipients, said he hardly knew how to 
express himself because it was an occasion which was greater to him than to 
anyone else, excepting perhaps to Mr. lister. He had seen the Institute develop 
from before it was an Institute; he was associated with Mr. Lester and Mr. Moores 
before it was formed, and now, as he looked round and saw the status the Institute 
had attained, recollections of those early days came to his mind. The first 
meetings in Manchester were not altogether successful, but by persistence they 
had influenced the cotton, wool, silk, and linen industries with their enthusiasm, 
and he thought they had fairly well succeeded. He felt more than proud to be 
a recipient of the medal of the Institute. He felt more than repaid for any 
work he had done. He would not rest in the future, but go forward to help the 
Institute in every way. In saying this he was only voicing the feelings of the 
other recipients. 

The President, in conclusion, thanked Mr. Howarth for his excellent speech 
and for his introduction of each of the recipients. Mr. Howarth had always 
taken a keen interest in the Institute from its earliest days, and it was pleasant 
to hear him say such nice things about the workers who had been honoured that 
day. 

In the afternoon, the members were conveyeil to Ihe Shirley Institute of the 
British Cotton Industry Research Association at Didsbury by motor conveyances. 
On their arrival they were met by the Director (Dr. R. H. Pickard) and the staff, 
and were conducted round the various departments of the Association's 
lahoratones. 


THE “COMING-OF-AGE” BANQUET 

There were about 150 meml)ers and guests present at the banquet in the 
evening. The speeches of the principal speakers, The Lord Mayor of Manchester 
(Alderman George F. Titt), I^rd Barnby, and Sir Percy Jackson, were bniad- 
cast. 

The toast “The Textile Industries” was proposed by the Lord Mayor, who 
said — “Whilst I fulb^ appreciate the honour which the Textile Institute has paid 
me in invitmg me to propose this toast, 1 confess 1 am compelled to approach 
the subject quite definitely as a layman. I feel, however, that it is the duty of 
the chief citizen of Manchester to pay tribute to the industries which have brought 
Manchester to her proud position in the world of commerce, and it is in that 
spirit that 1 shall ask you to bear with me for a few moments while I focus atten- 
tion on the textile industries of which Manchester is the most important centre. 

“It is said that nine-tenths of the whole population of the world wear cotton 
in one form or another, but I have no need to emphasise the importance of textiles 
at this function. You are all well aware of the difficulties with which the textile 
industries are faced at the present time, and it is a matter of pride that those 
concerned in Manchester and Lancashire are energetically taking steps to restore 
trade to Lancashire. The celebration then of the coming-of-age of the Textile 
Institute comes appropriately at a time when we should be reminded of the 
value of the educative side of the cotton industry and of the efforts which are 
made to produce thoroughly qualified experts in textile technology. 

“Manchester's, and should be, the main centre of textile education. Bc.sides 
the Textile Institute, we have our College of Technology, which is a faculty of 
Manchester University, where a student can go through a mill in miniature so to 
speak, and the Shirley Institute of the British Cotton Industry Research Associa- 
tion, in which the staff pursues a definite programme of research in collaboration 
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with practical men in the mills. I am told that this Research Association has 
been a heavy finan cial burden on the cotton trade, and that it is costing a large 
amount annually, but I feel certain that the results will amply justify the outlay. 

"The practical men of the industry — ^the spinners, weavers, bleachers, dyers 
and finishers, and others, are handicapped by world conditions and are very 
much disturbed by prospects of drastic reorganisation, rationalisation, and so on. 
There is a magnificent opportunity now for qualified experts of the industry to 
rise to the occasion by studying the causes of trade depression and advising how 
best they can counter them. I am informed that important benefits have 
resulted by the discovery of additional uses of textile materials. For instance, 
the electrical industry and the motor car industry are taking textiles in increasing 
quantities, and only the other day at a ceremony at which 1 had the honour of 
welcoming the arrival of the S.S. "Surrey," laden with a cargo of New Zealand 
produce which she brought direct from the Dominion to Manchester, the High 
Commissioner for New Zealand reminded us that New Zealand had bought ij 
million yards of cotton wrapping for use in the covering of meat for shipment. 

"When 1 realise all the skill which is being brought to bear on this problem 
of the restoration of the cotton trade; 1 have every hope that other avenues 
within the trade will open out. 

"May 1 refer to our Prince Ambassador ? His Uoyal Highness <he Prince 
of Wales has by word and deed devoted himself to the question of the impt>rtance 
of our markets abroad. Mainly as a result of his stimulus, organised delegations 
and trade missions have visited foreign parts with a view to securing direct 
contact with the w'orld*s markets anti obtaining first-hand information as to 
requirements and possibilities, China. Egypt, the United States, and Canada 
have all recently been visited by delegations from this country, and now the 
Prince is returning from liis business tour in South America. 1 am sure we all 
profoundly admire His Royal Highness’s keen personal interest in commercial 
affairs, and fire deeply grateful for his devoted efforts in keeping British gocKls 
before the world. To-day T had the pleasure of attending a luncheon given by 
the Lancashire Industrial Development Council, at which Lord Derby was elected 
I^esident. The objects of the Council are generally to further the develop- 
menf of new industries and .the extension of existing industries in the industrial 
area of I^ancashire. 

"You may also liave heard ol the formation of a Manchester Development 
Committee. 1 am anxious that it shall soon become an effective unit in the city, 
actively operating for the benefit of all sections of the trading community, and 
for that purpose it will co-operate closely with the l^ancashire Industrial Develop- 
ment Council, which will cover a much wider area than the city and will deal 
with industrial questions wliich are not within the purview of a municipality. 

"Last evening the Textile Institute honoured Mr. J. W. Nasmith for his 
wonderful invention of a comber, and J should like to add my congratulations 
on behalf of the city that yet another I.ancashire man has joined that line of 
great inventors — Paul, Hargreaves, Arkwright, ('rompton, Cartwright, Kay — 
who have contributed so largely to modem efficiency in the manufacture of cotton. 

"It is distinctly reassuring to notice that the different sections of the textile 
trade — so clear cut hitherto— arc becoming more interdependent and more 
adaptable. 1 sincerely trust this movement will proceed rapidly and lead to 
a wider unity within the textile industry as a whole. There are enormous diffi- 
culties in the way, but no one can make me believe that the men of Lancashire, 
whose forefathers have developed* the manufacture and merchanting of textiles 
to their present excellence, cannot find a way out. They will do so, and here is 
a body, the Textile Institute, which will be a considerable factor in their success. 
After 21 years of existence, it is pursuing its work with increasing vigour and 
producing a publicly recognised class of experts in textile technology. 

D 
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”1 wish the Institute every success and with confident expectation of pros- 
perity I have pleasure in proposing the toast, ‘The Textile Industries/ coupled 
with the name of Lord Barnby.” 

Reeponse by Lord Bamby 

In responding to the toast, Lord Bamby said — “Publicity in connection with 
the events of these three days have brought the Textile Institute much into the 
public eye. To those present to-night its history and aims are already familiar. 
By a much vrider circle it will be readily grasped that its activities cover a field 
of thought and action of vital importance to the textile industries, and its scope 
entitles it to the widest support. That these celebrations should occur in Man- 
chester is appropriate and compatible with the dignity of Manchester's position 
in the textile industries. The speech which we have just heard from its chief 
citizen appropriately deals with the importance of the textile industries in the 
Nation's economy. I shall, therefore, address myself to some of the wider 
problems, industrial and economic, which occupy responsible minds in the 
industry. I would, however, first comment on a few relevant figures. The 
textile industries in 1929, including apparel, contributed 238 million pounds 
value, or 41% of the country's total manufactured exports of 573 million pounds. 
The insured workers in all branches of the textile trades, that is cotton, wool, 
silk, rayon, linen, jute, and clothing, amount to roughly 1,800,000 out of a total 
of 12,400,000 insured workers in the whole country, so that of those employed 
outside of domestic service and agriculture, at least one in every seven of the 
working population is engaged in textiles or succeeding occupations entirely 
dependent thereon. 

“These figures will suffice to give a glimpse of the itni)ortance of these in- 
dustries to the nation. It is, of course, sad that the curve of Lancashire's total 
exports should have been recently so steeply downward. It should, however, 
be pointed out that from the point of view of domestic employment the tendency 
is less disquieting than would appear on the surface. Take for instance two 
items — cotton and mechanical vehicles. In 1924 cotton goods accounted for 
not less than 32% of the value of manufactured go<kls exported, while mechanical 
vehicles amounted to only 4%, but by 1930 the figures had so changed that cotton 
accounted for only 20%, while vehicles were over 1 2 per cent. But naturally, owing 
to the large proportion of imported raw material, the labour content in the selling 
price of the cotton goods will be very much lower than the corresponding pro- 
portion for vehicles It was inevitable that the former large export of textile 
machinery combined with the stimulus to national development and the building 
up of domestic industries in foreign countries, assisted by tariffs, must inevitably 
react unfavourably on British exports. 

“There has recently been published the report on the Cotton Mission to 
China. This is a momentous document. I was privileged, as a member of the 
Development Council of the Department of Overseas Trade, to listen to the 
remarks of Sir Bmest Thompson and Mr. Bell at the meeting when the report 
was presented. It certainly is an informative document, and all will admit 
that its courageous conclusions demand new outlook in the textile industries. 
Indeed, it is generally admittted among the younger elements in the textile in- 
dustries that there is indeed need for a new and changed outlook; traditions 
must be ruthlessly scrapped. Too long has technical knowledge been valued 
above admimstrative efficiency. Academically-trained brains must replace 
rule-of-thumb practice. An engineering outlook should govern fibre manipula- 
tion. The habit should develop of thinking in percentages instead of quanti- 
tatively. We are certainly hampered by our system of weights and measures, 
but that is no reason why straight pounds should not universally replace cwts., 
qrs., and lbs. 

‘‘These may be relatively insignificant points, but they are discriminating. 
Again trade practices, specifications for contracts and trade terms need scrutiny. 
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You in Lancashire have had much contact lately with rationalisation, and the 
courageously conceived scheme, inspired by the Bank of England, is surely 
entitled to a fair chance to prove itself by all loyal citizens. Outside this county, 
whispemgs have been heard that vested interests and personal jealousies and 
animosities have hampered its progress. Such would surely be a reflection on 
the fair name of this industry. It is past the wit of man to conceive a scheme 
which will be free from faults, but it ill-bccomes interested parties to unfairly 
exploit its handicaps. There are many who question the hitherto disclosed 
results of rationalisation in other industries and other countries; I am among 
those who definitely believe in it, but in the textile industry I believe in small 
physical units as against large physical units, but as complementary to this, in 
industries horizontally constructed, such as the British cotton and wool industries, 
a chain of units under Central Financial Cx)ntrol. It is surely the large number 
of individual units in the textile industry which makes so much more difficult 
the dominating problem of the moment — ^that of adjusting production to demand, 
and also, what is of equal importance, proper publicity and representation in 
foreign markets. Extreme individualism built up the textile industries, but as 
modern transport demanded the substitution of steel ships lor wooden ships, it 
seems open to que.stion if modem economy docs not caU for the gradual passage 
from individualism to disciplined co-operation. 

"The recent report of the Joint Committee of Cotton Trade Organisations 
courageously suggested the introduction of statutory powers. There are many 
who feel that without this real progress cannot be made. For some purposes, 
such as the collection of data, essential for measuring the problems of the industry 
or the equitable assessment of funds for research purposes, it is hard to discern 
an effective alternative. « 

"In cotton, you import most of your raw material from without the Empire. 
In the sister industry of wool textiles, the bulk of our supply comes from within 
the Empire. Wool is the greatest of Imperial links. We feel our prospects are 
rightly more promising than yours, for blending and styling justify manipulation 
in England. At the moment raw material supplies differ inasmuch as in wool 
there is no unusual accumulation. Indeed, the figures of wool in store in Aus- 
tralia of only 180,000 bales at the end of March this year, as against 701,000 
bales at same date last year, and a carry-over of only 140,000 bales last year, 
prove conclusively in how relatively strong a position wool is, by comparison 
with most other commodities, particularly when the average price is still only 
about 60% of 1914, as against the average of 100% for all commodities. 

"Already in wool products there are signs that exhaustion of stocks and 
current low raw material values are causing an expanding market, and let us 
hope that this will shortly extend to other textile industries. 

"Returning to the report of the Cotton Mission to China, to which I have 
already referred, the outstanding feature is the indictment of the existing in- 
dividualistic system. Frequently when costs are mentioned, costs other than 
production, particularly other than those of marketing, are referred to. Ad- 
mittedly, in the textile industries, a recovery of foreign markets demands 
sacrifices, including a revision of trade union practices. Fortunately we may 
assume that the traditional and rigid outlook in the labour ranks is mellowing, 
but it is right they should look for equal sacrifices all round, and an encroachment 
on individualism which alone would permit the cutting down of costs supple- 
mentary to manufacture, and afford real combined power in marketing. The 
old established media, either through lack of enterprise or exhaustion of resources, 
do not seem sufficient to develop new foreign trade, but it will expand and it is 
for that moment that our reconciliation is required, and it is natural that the 
workers if asked now to make sacrifices should feel confident that matters outside 
their control are also being thoroughly recast. 
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"Fcwrtunately this country has a splendid goodwill. The reputation of our 
products still carries weight, and we have a prestige which combined with our 
traditional skill can assist our traders. We know that 'out of sight' is 'out of 
mind'; that must be avoided at all costs; we must make a greater stir in tho.se 
valuable overseas markets. 

** Remember ! in the end, the tendency of the stream must inevitably be 
towards the subordination of political connections to economic interest, and 
I believe this to be true, not only in regard to our national life, but also in the 
relation between nations. Diplomacy as such, and in the terms of pre-war 
definitions, has definitely lost ground; the structure and activities of embassies 
and legations have taken a new direction; commercial councillors and trade 
commissioners play the important part in diplomacy to-day. Trade missions 
are multiplying, and everyone of us must welcome the enterprising spirit being 
shown by this country in that direction. 

"The inclination of the man in the street is to ask himself, ‘Where do we cash 
in — as an individual, as a family, as a town, or as a nation ?' This force is 
cumulative and it would seem irresistible; we are coming to think in new terms 
and with new objectives, and what is perhaps an unconscious movement towards 
the subordination of political connections to economic interests will rapidly 
crystallise into a conscious effort, resulting in an adjustment of political parties, 
political connections, and possibly the scope of Parliament itself. 

"In conclusion 1 would repeat that while the trade cycle during a period of 
a declining price level has been so obviously against this country, 1 hold that at 
the commencement of the upward curve of improved trade, our traditional 
experience, our accumulated wealth, and in the case of Lancashire our operatives 
and our plants, will all contribute to regaining a large part of the world's trade. 
Let us not be afraid to boost ourselves — let the uorld know about us; our inten- 
tions, our products and their intrinsic value, and let us go to it with confidence 
and determination to beat the world.*' 

The toast of “The Textile Institute” was proposed b\ Sir Percy Jackson, 
who said that anyone thinking about the history of the Textile Institute recog- 
nised at once that during the last 21 years the Institute had liad among its 
members the very foremost people in the textile industry in T-ancashire and 
Yorkshire. He could not forget that in 1925 Mr. John Enisley was the I*rcsiclent 
when they were granted the Royal Charter, which opened up for them a lar 
greater sphere of work and usefulness than had been possible previously. The 
powers conferred on the Institute by its Charter in doing examination work and 
conferring diplomas had indeed opened out a new sphere of work which would 
take them very far indeed. They had at this time probably a greater need for 
people who were enthusiastic in their work, apart from people who only did an 
ordinary day's work, from the standpoint of science, art, and invention. They 
had a greater need for those people than ever in the past. If Great Britain was 
to retain its place in the great textile world of the future, it would be by science, 
art, and invention; by the greater use of art along with invention and science 
because he thought that in the past they had laid too much stress upon scienc c 
and invention and not enough upon art. 

To-day they were all talking about costs of production, cost of social services, 
cost of wages, but he did not want them to hang their harps upon that particular 
willow tree. He thought that would make them lose heart. There were other 
things besides costs of production, and the Textile Institute stood for those 
other things. They knew that the cost of social work was about ii^y per head 
of the population in this country, the cost in France was £10, and in Italy some- 
thing like If that alone ruled prosperity, while we ought to be well out of 
the running, France ought to be doing better, and Italy ought to l>e the top dog. 
As a matter of fact, Italy was the worst hit of any of them at the present time, 
and France, coming next in the cost of social services, had, he thriught, been 
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the most prosperous nation in Europe as far as textiles were concerned during the 
last ten years. 

The Textile Institute had done extremely valuable service in bringing technical 
work to the notice of our young men. During the past two years he had been 
Chairman of the Yorkshire Council for Further Education. That Council, which 
was acknowledged by the Hoard of Education, had set itself the task of bringing 
together youths of all trades, the best men in the trades, together with teachers 
and demonstrators, and local authorities. They had succeeded in bringing these 
people together and also had made such arrangements for supervision that the 
boy entering the evening school was cared for until lie finished his training at the 
local technical school. 

He read the other day in The Times an article regarding M. Siegfried’s bcKik, 
“England's Crisis,” and he determined when he received the Institute's invita- 
tion that he would have something to say about i 1 . In his vie.y that book was 
unfair and a travesty of the manufacturers and producers in this country. As 
he read it he repeatedly said, ”1 know where he got that,” and it seemed to him 
that Siegfried had gathered together all those sayings iu wliich we had depre- 
ciated ourselv('S and put them into his book. One of the most unfair things 
he said was that the manufacturers in this country did not know their job as 
well as French manufacturers knew theirs. He had been on business in Paris, 
and while he did not depreciate in any way J'rench buyers and manufacturers, 
he said deliberately that they did not know their job any better than our manu- 
facturers knew theirs. 'I'he bulk ot business in this country’ was not carried on 
by a few huge firms; the great business of this country’ was carried on by the 
moderate firms, and those firms were in the hands of one, two, or three men 
who put all their energy and initiative and individuality into their work. Even 
if trade wanted ri^organisation there was still room for individuality in this 
country as far as industry was concerned. He was sure that the young men 
of business to-day were better men than the older men; they were more energetic; 
they had more science and were better educated, and they would do better 
eventually. The Textile Institute was a voluntary organisation, and there was 
a great place in England for voluntary effort of that sort. The missionary 
work was done. Eventually the Government of the country must take over 
a great deal of the work, and they would be able to show the Government the 
steps they should take as far as the textile industries were concerned. 

Responses by the President, Mr. Lester, and Mr. Garnett 

The Ih’csident, responding, said a lot had been said about the Textile Institute 
tluring the 21 years of its life, and there wa'^ no need to repeat any of it, but he 
would say that on its 21st birthday they had to look forward to the future with 
a desire to extend and to grow. They w^re honoured that night by the presence 
of Lord Derby, who as eveiy’one knew had done an enormous amount for I.anca- 
shire and its textile industry. If the> had been inclined to sleep on a problem, 
f-ord Derby had always given them the necessary' push to start them off again. 
They knew that he had the textile indust ry'^ ami particularly the Lancashiie 
textile industry, absolutely at heart. The Textile Institute embraced every 
branch of the textile industry in every' part of the world. That was all right 
as far as it went. It was a great mistake to feel confident that they were un- 
approachable in textile organisatitni and production. As previous speakers had 
pointed out, they were finding that every country was learning from them so 
rapidly that they were producing goods for themscKes, and producing if not 
as good products, at any rate very good substitutes. 'I'hey had all seen various 
markets lost, and the textile machinists had discovered they were not the only 
people who could make textile machinery', but that other countries where textiles 
were manufactured were starting to make their own machinery. Through 
Textile Institute membership, they' could exchange knowledge from inter- 
national sources, and that was one of the things the Textile Institute was doing 
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through its Journal and its meetings. Wherever their meetings were l»ld they 
ought to have one object in front of them, and that was to extend the influence 
of the Institute as far as they could. It was essential that they should increase 
the membership, and anyone who had their trade at heart should become members 
and share the benefits the Institute offered. If everyone would put their back 
into the work the Textile Institute would soon occupy its proper place as a 
scientific organisation. 

Mr. J. H. Lester, M.Sc., repHed on behalf of “the little band who 21 years 
ago had the temerity to establish the Textile Institute.” He was glad to see 
present Mr. George Moores who, along with himself, was active in the beginnings 
of the Institute, and who for some years acted as Secretary. The first meeting 
was extraordinarily representative of the textile industry of that day, and not 
only were these representatives from the industry, but the support given by 
others who did not attend was really considerable. There were present at the 
meeting Professor Barker, who was there that day. Professor Fox, Mr. W. P. 
Crankshaw, Mr. H. P. Greg, Mr. Oscar Hall, Mr. Hubner, Mr. P. T. Johnstone, 
Mr. Knecht, Mr. Cedric Lee, Mr. E. Marsden, Mr. Nasmith, Mr. Nisbet, and 
Mr. J. O. Potter. They had letters from Sir Thomas Coates, Sir Wm. Holland, 
Sir H. F. Hibbert, Sir Wm. Mather, Sir M. Oldroyd, Messrs. E. Armitage, Robert 
Beaumont, F. H. Bowman, F. Bradbury, S. J. Chapman, F. Debenham, W. 
Henderson, Harold Lee, K. Parkes, F. Warner, W. Watson, and T. Woodhouse. 
What they did at that time was inevitable. Societies existed for various indus- 
tries in this country, and to a great extent they had patterns to go on from those 
societies. In the main he would say that the Textile Institute was established 
to bring together the art and science of the textile mdustry. The industry, 
to-day, consisted of a number of separate units badly correlated to one another. 
They had the spinner, very frequently an excellent man thoroughly acquainted 
with his job but knowing nothing of weaving, and the finisher who ^ew nothing 
of the manufacturing of the fabric and little of the merchant. One of the chiel 
objects was to bring together these various units and make them a vertical 
combine. By their Charter they had obtained authority to set up examinations 
with the object very largely of bringing together these various interests. It was 
the intention to qusilify only those who, while specialists in one particular branch, 
had a reasonable grounding not only of one branch of the textile industry but 
of all of them. They would like to see the membership increase, but they would 
only get the increase they deserved. They had means of doing that, namely, by 
the quality of the papers read before the Institute, and by the increase in the 
number and quality of those appearing in the Journal, He regarded the Journal 
as the mainstay of the Institute. Unless that flourished he could scarcely see 
the Institute making the progress it should. There were many things still to be 
done. There were aspects of education in which the Institute had so far taken 
little interest. There was, of course, the question of how far the youth of I^ca- 
shire were being trained as they should be. There were many other questions 
in education; for example, as to whether the matriculation examination as it at 
present existed was adequate, and were there artificial barriers, such as prejudices, 
to be removed. We might have to consider these things in the future and it 
was largely for the Textile Institute to consider what could be done to bridge 
the gap which existed between the man in the school and the man in the industry. 
This was a matter in which they could be of great assistance to the employers. 
Speaking of employers, he wished to say how grateful he was to his own employers, 
Messrs. Tootal Broadhurst Lee & Co., who had given him time to devote some 
of his energies to the Textile Institute, and he hoped that example would become 
more generally copied. 

Mr. George Garnett (the President-elect) said that when he attended the 
inaugural gathering 21 years ago he never dreamt he would be invited to occupy 
the presidential chair 2 t years later. He started his association with textile 
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societies at 18 years of age. and he had always been associated with them from 
that time to the present. It was indeed a proud moment to feel that one was 
associated with an Institute with such ambitions as they rightly h ad that day. 
Their fathers had laid the foundation so that the present generation was able 
to take a much wider outlook, and the Textile Institute provided the link between 
such places as Shirley and Tonidon and the textile industry. 

*‘Our Guests** was proposed by Dr. R. H. Pickard. F.R.S.. and was responded 
to by Mr. B. Mouat Jones, D.S.O., M.A. 


MEETINGS AND VISITS ON FRIDAY, 24 th APRIL 

Friday *s session of the celebrations was presided over by Mr. F. W. Barwick. 
Two lectures were delivered, the first by Dr. W. H. Gibson, O.B.E., B.Sc. (Econ.). 
F.T.I., Director. Idnen Industry Research Association, and the -.econd by Dr. 
S. G. Barker, F.T.I., Director of Research, Wool Industries Research Association. 

The Chaixtnan said that he need hardly remind that audience of the close 
relations between the four textile Research Associations and the Textile Institute. 
The Directors of those Associations were members of important committees of 
the Institute and took a close interest in the work. They had had the privilege 
of visiting the Shirley Institute, and it was very fitting tliat morning that they 
should have the pleasure of listening to lectures by the directors of two other 
of the Research Associations. It was a particular pleasure to welcome Dr. 
Gibson and Dr. Barker. As head of the Linen Research Association, Dr. Gibson 
was well known to them either personally or through his x>ublic work, and it was 
therefore hardly necessary for him to remind them of the work he had done 
for textile research in the linen industry. 


FLAX FROM FIBRE TO FABRIC 

By W. H. Gibson, O.B.E.. D.Sc. 

(Director, Linen Industry Research Association) 

On such an occasiou as this, when we are celebrating the coming-of>age of an 
institute which has had a great educative effect upon the textile industries, it 
seems to me that a lecture showing the general trend of development in the linen 
industry during the past 2t years might be more appropriate than a highly 
technical discourse upon one selected subject. 

For this reason, I have chosen a general title and 1 am able to draw upon the 
vast amount of information made available in the Journal of the Textile Institute, 

In pre-war days when the Textile Institute was founded, our textile in- 
dustries were pursuing the even tenor of their way and it was only an enlightened 
few, among whom 1 am glad to say that leaders of the linen industry were well 
represented, who saw any necessity for further scientific and technical education, 
information, and research in the textile industries. The subsequent course of 
events in industrial history has demonstrated to the full the foresight of your 
founders and it is not too much to say that the existence of the Textile Institute 
has provided a rallying-point for all friends of scientific progress in the textile 
industries. The same people who supported the Textile Institute we find, as 
occasion offers, supporting the co-operative Research Associations and other 
movements towards industrial efficiency. Turning to the particular case of the 
linen industry before the war, we find that it occupied a very favourable position. 
It possessed assured supplies of raw material of all grades, its manufacturing 
operations were carried on by a personnel having unequalled technical skill, and 
its products enjoyed deservedly a wide and constant market. 

The tendency to rest content with such a satisfactory state of affairs was, of 
course, very strong, but the violent disturbances of trade due to the war and its 
after-effects have shown up clearly the dangers of inaction. Over the period with 
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which we are concerned we find that change, often scarcely noticed at the time, 
has been the order of the day and that much of that change has been due to the 
systematic application of science to the industry. 

With reference to the raw material, flax fibre and its production from the flax 
plant, the linen industry has been given the riddle of Sk>viet Russia to solve, and 
it can hardly be said that the solution of this problem is definitely ascertainable. 

Before the war the Russian peasant grew an immense acreage of flax, almost 
3j million acres, producing about half a milUon tons of fibre. About 50% of this 
was exported to Western Europe at a cost of £^o per ton and the rest v, as used 
by the Russian peasants and by the growing Russian Imen industry. The import 
of flax from Russia into the United Kingdom reached 80,000 tons, leaving about 
25,000 tons imported from Belgium and other countries, and an Irish production 
of 12,500 tons. 

The yield per acre of Russian flax was only about 360 lb. of total fibre, while 
lri.sh flax yielded 600 lb. and Belgian about 1,000 lb. The price of the different 
classes of flax also were in the same order, Russian averaging /30 per ton, Irish 
1^0 per ton, and Belgian £yo per ton. Russia thus supplied the bulk and the 
lower grade of flax fibre and determined the supply and the co.st of the raw 
material for the linen industry. The supply of Russian flax was interrupted by 
the war and the revolution in Russia which led to a great increase in the acreage 
of flax in Ireland but the yield per acre fell, probably owing to a distinct lowering 
of skill in handling and quality of product. It is now doubtful whether Russia 
can be relied upon as an unfailing source of supply of flax for Western Europe. 
It would seem that the yield of flax there is possibly 40% less than before the war, 
and that if the Russian peasants and the Russian mills absorb their normal quota, 
a surplus for export is unlikely. However, under present conditions a surplus for 
export can be secured by action on the part of the Soviet authorities in limiting 
the home consumption. 

The Baltic States formerly included in the Eastern Empires continue to grow 
about 700,000 acres of flax as they did before the war and their yield of fibre has 
not fallen as in the case of the Soviet, giving 400 lb. to the acre Of the 1 20,000 tons 
of flax produced annually only about 35,000 tons reaches the Western market. 
Belgium and France have maintained their acreage of high-quality flax and their 
production is near the pre-war figure. 

This situation has caused the British linen industry to turn its attention more 
closely to the production of high-quality goods. The flax imports show that the 
supplies of flax secured from Belgium are practically the same as before the war, 
but only about 25% of the quantity imported from Eastern Europe before the 
war is now taken. This is shown in the following table- 


imports of Flax 


Russia 



1913 

tons 

68,181 

()uantit\ 

1929 

tons 

1,894 

1930 

tons 

1.557 

Ksthonia 




2,494 

1,463 

Latvia 



- 

11,169 

13.689 

Netherlands ... 



1,442 

2,369 

1,293 

Belgium 



14,194 

15,585 

12,942 

Other Countries 

. 


473 

2,947 

1,524 


'lotal 


84,270 

36,458 

32,468 


In view of the raw material position, it is not surprising that u]X)n the formation 
of the Linen Industry Research Association in 1919, it had for its most important 
problem the botamcal study of the flax plant. The object of this work was to 
increase the yield of fibre per acre and also improve the quality of the fibre grown 
so that the area of supply of good to medium quality fibre might Ikj extended and 
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the upward trend of the linen industry in quaUty, partly caused by the diminution 
of low grade Eastern European supplies, rendered easier. This has led to a study 
of the heritable qualities of the flax plant and patient selection and plant breeding 
work over a long period of years to accumulate a number pedigree strains of 
flax possessing desirable characteristics for yield and quality. 

It was, I think, at one time hoped that the provision of these pedigree strains 
of flax to Irish and other farmers would, of itself, increase the yield and quality 
of the farmer's crop of flax to a greater degree than has proved to be the case. 
However, it was shown from the returns made during the years 1926 and 1927 by 
farmers growing J.W.S. pedigree seed, the first of the new varieties to reach com- 
mercial bulk, that their average yield was verv nearl> fjo% greater than the aver- 
age yield yi Northern Ireland for the same years. This agreed with the percentage 
increase shown in experimental trials, but the actual average yield of 600 lb. of 
scutched fibre per acre, or, allowing for tow', 900 lb. of total fibre, was brought 
down by too many poor yields due to poor handling of the crop in cultivation, 
retting, and scutching. It was also apparent that the quality of the crops grown 
by the farmers from the pedigree seed had not surpassed that growm from ordinary 
seed as it should have done on account of the greater regularity and uniformity 
obtainable from a pure strain. The origmal J.W.S. strain was selecteil solely 
upon the external characteristics of the plant, of which height is the muit import- 
ant in relation to the yield of fibre, but all succeeding strains introduced by the 
Linen Industry Research Association, known as Liral strains, havt‘ been selected 
principally for internal characters, of wdiich the actual fibre content of the stem 
has the most bearing upon yield of film*. 

In all the plant breeding work new strains have been originated from a single 
parent plant, bagged from the da}' of first flowering to prevent cross-polhnation, 
and the succeeding generations are examined for trueness to type. I'he judgment 
of a flax plant by its actual fibre content has in\ t)lved the development of a svstinn- 
atised technique for cutting practically perfect sections in large numbers. The 
cross-section is taken midway between the cotyledons and the first flowering 
branch and the plant is pulled and prepared for this purjjosi^ exactly 35 days after 
the first flower appears. After pickling, the stems are embedded in celloidin and 
the sections are cut with a large pattern flat cutting microtome. 'Fhe sections are 
double stained to show up the nng ol fibre bundles, and are examined under the 
microscope using a projection apparatus, winch permits of the measurement of 
the total area of the cross-section and the area ol the fibre bundles. I'he strains 
which consistently show a high percentage of area occuji.ed by fibre bundles over 
several generations are chosen for further propagation. The quality of the fibre 
in the stem can also be judged to a considerable extent by the disjKisition of the 
individual fibres composmg the bundles and by the thickness of the fibre wall 
c'ompared with the central cavity. Fibre cells having thin w alls and large cavities 
are coarse and of poor quality. 

It should be mentioned that from the i>oint of view of the flax spinner, tw^o 
distinct qualities of flax are desired, a fine, silky, weft flax and a bold, strong, 
warp flax. It is one of the problems ol the Research Association to produce 
pedigree strains, which, when growm and handled lor fibre extraction, under the 
best conditions, will satisfy these two needs. This has been solved up to a point 
by the method of trial and error, although the correlation of fibre arrangement in 
the stem with the warp or weft nature of the flax has not yet been established. 
There are, of course, a great number ol disturbing factors which arise during culti- 
vation and fibre extraction. Nevertheless, Liral 0 has been found to give 
consistently a fibre of high quality of a pronounced weft type, but unfortunately it 
is not one of the highest yielding flaxes. In the same way, Liral 4 is pre-eminent 
as the highest type of warp flax yet attained. This flax is also one which gives a 
very high yield per acre and a good seed yield . For this reason, it has been chosen 
to be grown upon the Royal estate at Sandringham as an experiment to determine 
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the effect of the characteristic climatic and soil conditions of that district on a flax 
of warp quality. 

This brings me to the next consideration. 

Even when a pedigree strain is chosen, and good standard practice is employed 
in cultivation, the effect of climate and soil upon the resultant flax fibre is very 
considerable. For this reason, information is being slowly acquired upon the 
behaviour of all pedigree varieties, which we possess, in different districts and upon 
different soils. 

I think we are moving towards the establishment of two distinct types of flax, 
a warp and a weft t3rpe, adapted to the soil and climatic conditions of each flax- 
growing area. 

Another line of advance which has already been entered upon is that of the 
establishment of a dual purpose flax, by crossing the linseed and the fibre types of 
flax. I^ral 7 is the first of such flaxes to be produced by the Research Association. 
Under suitable conditions of cultivation it can provide a large quantity of seed, 
which can be used for sowing, feeding, or oil production and a goocl yield of 
fair to medium quality flax fibre. In the case of a typical linseed growing country 
such as the Argentine, with an acreage of over five millions and a yield of 600-700 
lb. of seed per acre, the use of such a dual purpose seed with very slight modifica- 
tions in cultivation should be able to maintain the yield of seed per acre and to 
provide in addition an equal quantity of fibre at little additional cost. 

It has already been established that the linseed oil obtained from flax gathered 
at the stage of ripeness suitable for fibre production is, if an3rthing, superior to the 
oil expressed from fully ripened seeds. The fibre would have to be exteacted from 
a dual purpose flax by mass production methods very different from those em- 
ployed for the extraction of high grade fibre. Many attempts have been made 
during the last 20 years to establish such methods and sufficient success has 
been secured to warrant the hope that the problem is capable of solution. The 
attempts which have been made to use ordinary linseed flax, unsuitably grown, 
were doomed to failure from the start, but this is not the case with a true dual 
purpose flax. 

In addition to safeguarding our flax supplies, the botanical study of the flax 
plant is having a considerable influence upon the methods of fibre extraction and 
fibre preparation prior to spinning. A monumental piece of work, carried out at 
I.ambeg, was the reproduction by means of a photo-micrograph, 60 feet long and 
9 inches wide, the magnification being 30 diameters, of the complete fibre s3rstem 
of the flax plant. 

A study of this photo-micrograph affords convincing proof that the fibre 
bundles, of which there are approximately 30, run in parallel bands through- 
out the length of the stem in better alignment for spinning than they are at the 
end of our imperfect processes for fibre extraction. It is also seen that where a 
leaf is formed, one of the fibre bundles ends, but the bundles on either side run 
together alxjve the leaf trace, forming a double bundle which higher up the stem 
divides into three parts thus maintaining a constant number of bundles through- 
out the stem. Under existing methods of hackling the formation of a certain 
proportion of tow, when combing the fibre in the direction from middle to root 
end, is inevitable and is due to the openings presented at the leaf traces. The 
bacteriological process of retting has been very much studied, but ffxim an 
economic standpoint many of the more elaborate methods of carrying on the 
retting process seem open to question. It seems more and more probable that 
the simple natural process of retting by steeping in water with suitable control of 
temperature and flow of water will give a satisfactory result at a cheaper cost than 
chemical retting or other proposals. Here again, study of the structure of the 
plant shows (hat wliile the action of the bacteria in dissolving away the soft bast 
cells in which the fibre bundles are embedded loosens them from the inner woody 
core on the one side, from each other, and from the outer skin of the plant on the 
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other side, the process is not ideal since the outer skin tissues are left in a gummy 
state and on drying the stems after retting the outer skin adheres firmly to the 
adjacent fibre bundles. 

As a result of this, fragments of unwanted epidermal tissue are carried right 
through the spinning and weaving process and have to be broken up and de- 
colourised by the bleacher. Alternative jjrocesses, such as mechanical extraction 
of the fibre without retting, followed by cleaning with detergent liquids, while 
perfectly successful in the laboratory, have not won success on the manufacturing 
scale. 

One of the most serious problems with retting is not the retting itself but the 
subsequent drying of the retted straw, and this is so on account of 'the cost of dr3dng 
and also because of the harmful effect of uncontrolled drying conditions upon the 
quality of the fibre. 

Natural drying of the fiax straw is up to the present still regarded as the most 
satisfactory procedure. Following retting, the flax straw is broken into short 
lengths by passage through fluted rollers and these short lengths of wood are 
knocked out by rapidly rotating blades in the process of scutching. Research has 
shown that a good deal of disarrangeflient and damage of the fibre strands can 
be traced to the breaking of the woody stem into short lengths which are subse- 
quently forced through the surrounding fibre strands, but up to the present no 
alternative to breaking has been introduced. 

The trend of invention in Belgium has been away from the simple Belgian 
wheel of rotating blades, towards continuous turbine scutching machines, in which 
the flax straw is fed in at one end gripped by a travelling band, reversed in the 
middle to scutch the other end and delivered scutched at the end . Such machines 
increase the output enormously and cheapen the process, but do nothing to 
obviate the damage caused by breaking the straws. The loss by the imperfection 
of the breaking and scutching process is a serious one, amounting to about 10% 
of fibre in this operation itself and causing increased tow production in the hackling 
process used in the spinning mill to the extent of 25 per cent. On account of this 
unsatisfactory situation the linen industry has decided that the processes of fibre 
production must be investigated experimentally on the full manufacturing scale 
and with the help of a grant from the Empire Marketing Board and the Govern- 
ment of Northern Ireland a flax factory is being erected and put into operation, 
where full mechanisation of the processes will be attempted and all possible 
alternative methods of fibre extraction will be tried upon a commercial basis. 

The first important process in the spinning mill is hackling or combmg the 
fibre by moving sheets of graduated pins. This operation cleans and to some ex- 
tent splits the fibre bundles into finer strands. Any matting or tangling in the fibre 
of course means that good fibre is converted unnecessarily into tow, as the pins will 
catch in the tangle and break off the fibre. Each piece of flax in passing through 
the hackling machine is gripped in the middle by a holder, the root end is c ombed 
first and then, after pulling through the portion under the clamp, the top end is 
combed. Much work has been done to determine the causes of loss which depend 
upon the arrangement of the fibre strands and the position of the clamp as well 
as the direction of combing and the extent of tangling. The hackling process is 
followed by sorting or grading of the fibre and it is then put into the form of a sliver 
or continuous ribbon. This is followed by drawing and doubling over a succession 
of frames, the fibre being broken down into finer strands by the action of pins 
at the same time. 

The extent and importance of this "break down" has been demonstrated by 
much experimental work with the fibre strand sorting machine, which was de- 
signed to sort the fibre strands in any sliver mechanically into groups of equal 
length. These groups can then be investigated further by several methods for 
fineness, upon which the count of yam which can be spun is dependent. The 
"breakdown" depends upon two factors, the spinning quality of the flax and the 
details of the preparing system, so these measurements can be used for the study 
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of either the material or the process. With known flax of pedigree strain, known 
methods of cultivation, and known methods of fibre production, it serves as a 
quantitative method of evaluating the effect of these variables. 

The processes of dry or wet spinning consist of a further drawing of the rove 
between rollers either without or with immersion in water, followed by the inser- 
tion of twist by a flyer, which also winds the yarn on a bobbin. Investigation of 
this process has followed the line of studying the component operations in 
succession and also of putting yani spun under controlled conditions through a 
comprehensive series of tests. Many of the tests are standard methods, others 
such as the elasticity, wear, and repeated impact tests have been developed by the 
Research Association. The properties required in a yarn depend on the purpose 
for which it is intended so that research work becomes more complex and diffused 
when the weaving process is reached, the problems of the industry resemble those 
of the other textile industries and investigations are furthered to a still greater 
extent by the development of discriminative tests of yarns and fabrics. 

The dressing of flax warp yams is usually done with starch mixtures in which 
sago is frequently used; it is open to doubt, however, whether starch dressings are 
capable of giving the ideal protective coating for warps and the present tendency 
to replace starch to some extent by other colloids appears likely to develop. At 
the Research Institute trials on a small scale can be made upon an experimental 
sizing machine before larger trials are made in weaving factories. The bleaching 
process for linen consists in principle of the removal of non-resistant cellulosic 
material by alkaline treatments and decolourisation of residual colouring matter 
by hypochlorite or in some cases by grass bleaching. The scientific a)ntrol of 
these processes by a number of simple yet vciy effective tests is now general. The 
vital importance of the reaction of the **chemick** is fully realised and in conse- 
quence the time taken in bleaching has been greatly shortened and at th(' same 
time the damage by over-bleaching reduced to very small proportions. 

The finishing processes beetling, calendering, mangling, and so on, are now well 
controlled by appropriate physical tests for thickness, stiffness, lustre, and 
transparency. Much attention lias been paid to the penetration of the vat 
dyestuffs on linen as these are almost exclusively used. Dress linens are now pro- 
duced in which practically perfect penetration is secured. In some respects the 
investigations which arc being made upon the physical properties of finished linen 
fabrics are of more importance than any others. 

The properties which differentiate the flax fibre, yam, and fabric from other 
textile fibres, yams, and fabrics, have been for a number of years the subject of 
careful measurement, and the effect of finishing processes and cloth structure upon 
these properties is continuously being studied. Work of this kind has led to 
reliable methods of distinguishing flax from hemp and other fibres and for differ- 
entiating between flax fabrics made of high grade (line) and low grade (tow) 
yams. It has also been possible, in many cases, by modifying cloth construction 
or finishing process or both, to enhance in a fabric the particular characteristics 
desired by the customer in that fabric; such a property as absorbency, for instance, 
can be varied ovei a wide range, and in tliis way the utility and attraction of linen 
goods for particular purposes have been increased. While there are a number of 
articles for which linen is preferred upon purely utilitarian grounds, for many there 
is a large element of aesthetic or sensory appeal, which is only capable of influencing 
people whose standard of living is above subsistence level and who have been 
educated to a degree of culture. In spite of the adverse conditions through which 
we are passing, it is evident that the number of people capable of appreciating and 
desiring linen is bound to increase with the advance in the general standard of 
living and education among the peoples of the Western World. 

The linen industry can therefore look forward to better times when the present 
depression lifts and there are potentialities of great expansion in its markets 
should some few of the possible developments in the way of raw material supphes 
and new processes of manufacture materialise. 
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The Chairman said he was sure he would re-echo the feelings of the audience 
in saying how interested they had been in listening to Dr. Gibson's paper. He 
had described the many complex problems in connection with linen research — 
not only biological and chemical questions, but complex problems which were 
due to the disturbance of the sources of supply 

The British Empire took second place to no other country in the world in 
the number and eminence of research workers on the wool side, and Dr. Barker 
occupied a very prominent place in a distinguished company of British research 
workers. He felt sure they would be familiar with his published work; he was 
a prolific writer and his work covered all phases of the industry from wool pro- 
ductibn to standardising methods of testing the fastness of dyes for the finished 
product. They would no doubt be familiar with that excellent publication of 
his about two years ago, “Wool, a Study of the Fibre," which was published 
under the auspices of the Empire Marketing Board. He did not think he ever 
read any scientific w^ork which was so good. 


THE MEASUREMENT OF WOOL AND ITS PRACTICAL 
SIGNIFICANCE 

By S. (;. Barker, Ph.D., D.I.C.. F.K.S.E., F.T.I. 

(l)iroctor of Research, Wool industries Research Association) 

On tlu* occasion of the conclusion of an era in the history of any institution 
it is perhaps appropriate to review the state of our comparati\ c ignorance with 
regard to subjects aftecting the welfare of the industries we serve. Thus one 
might estimate the basis on which the future could be built, and whilst not in- 
dulging in flights of prophecy or conjecture, y(*t might indicate possibilities for 
development. I'he basis of tlie industry is, of course, its raw material, and it 
must be remembered that methods of manipulation have to be tievised to meet 
the vagaries, characteristics, and attributes of the fibre which is being treated. 

I'he early days of the wool industry began with manual manipulation; the 
hand-loom, the hand -card, and hand spinning all preceded the mechanical 
eflicicncy which we have attained to-dav. It is obvious, therefore, that at the 
commencement ol scientific investigation wdth regard to the wool fibre in the 
sixteenth century, the workers naturally attenipt(*d to relate the characteristics of 
the libre to those uses to which it has been put in prac tical everyday life. Of 
these the milling and felting properties of wool seemed almost dominant factors. 
The earliest workers, therefore, began by making attempts to relate the attributes 
of the fibre to its milling and felling power. 

In 1665 the Royal Society in London hail its attention drawn to the question 
of hair and wool structure in a series of papers by Hooke, and it is of interest that 
in Observation 4 of his Micrographia he records the conjecture that it might be 
possible to spin a kind of artificial silk out of some glutinous substance. Not 
only in this country, but abroad also, scientists were paying attention to hair and 
fibre structure, and about 1675 Malpighi published a book on this subject, whilst 
in the earlier part of the seventeenth century our Royal Society once more 
devoted their attention to fibre measurement in the dissertations presented 
to them by Henry Baker. It is probable that these earlier workers had little 
connection with the industry itself, and in 1777 there appeared what might be 
styled an epoch-making work by Daubenton in France, in which, for the first time, 
the attributes of the wool fibre were measured and an attempt made at classifica- 
tion . It would perhaps be of interest in this paper to record verbatim 1 )aubenton \ 
remarks with reference to the necessity for such fibre measurements — 

"‘The products of nature can only be graduated roughly by the use of our senses, 
and in absence of instruments or apparatus we cannot work to any great accuracy. 
Jn order to obtain sharper and cl(*arer results than those of the naked eye, scientific 
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apparatus must be used and then comparisons can bt‘ effected between the charac- 
teristics of different types of wool, not only as regards their fineness, but in other 

directions.*' 

So long as the standardisation of wool quality is carried out by mere hum^ 
agencies unaided by scientific apparatus, there will be a danger for commercial 
transactions to be carried on with considerable risk. Daubenton speaks of the 
risks of the manufacturer and the necessity for methods of measurement and 
technique to be developed in Overseas wool, but at the same time forecasts 
considerable risk to the manufacturer and the purchaser unless standard methods 
are put forward. He pointed out that there is no guide as to the significance of 
wool fineness in relation to manufacture, and even if the difference betweqp two 
superfine types of wool was known, it would be impossible to interpret this 
difference to the sheep breeder, so that he would still go to work blindly. 

In between the coarsest and finest wool he formulated a graduated scale for 
wool and attempted to relate it to its manufacturing power. He classified wool 
into six grades — superfine, fine, half-fine, medium, half-coarse, and coarse wool— 
but he said that there was no certain rule by which you could differentiate between 
adjacent classes. He speaks of the necessity for blending in practice, and hence 
a classification as far as manufacture is concerned becomes difficult. He finally 
reduces the number of classifications to five — superfine, fine, medium, coarse, 
and super-coarse. He says that this is a definite nomenclature that can be 
followed and manufacturers will understand it. He suggests that these be 
called prima, secunda, and so on. 

About the same time Monge, in I^rance, was the first to assert that the surface 
of wool is formed of little plates which cover each other from the root to the point. 
He attributed to the scales the milling and felting power of the fibre and pro- 
pounded a theory of milling and felting very much akin to that which is still 
proposed to-day, knowing as he did the similarity between the unidirectional 
motion of the fibre in felting and the progress of an awn of wheat through a 
fabric. 

In this country a great impetus was given to fibre measurement and classifica- 
tion by the investigation of the comb, and it is no mere accident that in the years 
following 1790 there was considerable anxiety expressed as to the precise geo- 
metrical attributes of the fibre which would influence the fineness or levelness 
of the yam produced. 

We thus find that about the years 1805-10 considerable activity was evinced 
in this country, due possibly to the work of Parry, Bakewell, and others on the 
production of wool of known dimensional characteiistics, and an attempt was 
made to relate these characteristics to subsequent manufacturing performance. 

To go through the list of the hundreds of workers in the eighteenth century 
would be impossible in the time at my disposal and has already been done by me 
elsewhere. At the same tinxe one or two outstanding features should be noted. 

In the period following the conclusion of the Napoleonic wars, more especially 
in the years from 1820-35, there was the greatest possible activity with regard 
to wool research for the discovery of methods for determination of its dimensions. 

Young, 1824, utilised the diffraction method developed by Ewles a century 
later, and now, I note, adopted by certain workers in America. The Dollond 
eriometer, or wool measurer, was already suggested, whereas methods had been 
developed such as, for example, the setting up of a fibre on a dark background and 
walking away from it until it was just invisible. 

In 1831, Grawert, a watchmaker on the Continent, suggested a novel method 
for measuring fibre fineness. The fibre was attached to a weight and acted as 
the pendulum of a clock. It was held between two clamps capable of movement 
with a micrometer screw. As the clamp was gradually released a position was 
obtained where it no longer held there, the pendulum moving forward to stop the 
clock at once. 

In 1837, Youatt published his book on wool, a treatise which I would suggest 
might easily be republished to-day, since its conclusions and findings are still of 
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prime significance. About this time the idea of wool classification on a basis of 
fibre fineness was gaining ground in all parts of the then known world. It is 
significant that the first bales of Merino wool were arriving in Kngland from 
Australia and there seemed to be a great development of woo3 pnxluction through- 
out the rapidly-growing British Empire. At thje same time the need for some 
guide as to the type of wool required by the manufacturer was evident to all, and 
the German workers of that time were not slow to point out the danger to the 
manufacturer, and also to the farmer, of the production of wool which might not 
meet the requisites of the market. 

In 1823, to clear up all misunderstanding, a conference of fanners, manu- 
facturers, and merchants was held at Leipzig at which an instrument was ex- 
hibited for the measurement of fibres, which consisted of laying too fibres in a 
groove, compressing them with a weight, and by means of an indicator measuring 
the compression. The average thiclmess of the fibre was thus '‘stimated. It is 
significant that last year at the International Wool Conference in Lif-ge our friends 
from Czecho-Slovakia introduced an instrument known as a Rapid Lanometer 
which involved exactly the same principle. Following the conference at Leipzig, 
the German developments as regards fibre measurement were directed towards 
affording means for the farmer lor measurement of his wool and attempts were 
made to reconcile microscopic measurements with practice, and they singularly 
failed. 

Probably one of the outstanding features about that time was the work of 
Herman v. Nathusius and Wilhelm v. Nathusius who quickly realised that fibre 
measurement was not going to produce the millennium in the industry. Once 
again it is significant to note that a fibre rotator was used and that the question 
of cllipticity of the fibre was noted and given its proper significance by these 
w’orkers. 

In 1867 we find attention being paid to the question in America, and the work 
of Burgess and others on hair and wool was the beginning of an era of research 
in that country. 

In 1873, Bohm paid attention to crimp and constructed a crimp measurer 
which consisted of a number of scales with serrated edges corresponding to the 
troughs and crests in the crimp wave of the fibre. He made a brass plate with 
nine sides, each side of which had a different number of serrations, and by placing 
these against the fibre in the lock he estimated the number of crimps per inch. 

It is again significant that in 1929, Duerden in South Africa brought forward 
the same method once more. 

In 1885 we find the work of Bowman in this countr}- recorded in a treatise on 
the scientific attributes of the fibre. In the years which follow we find a variety 
of workers all bent on attaining the same goal. 

Let us now review the position as we find it in the period immediately after 
the war. Once again during the decade of 1920-30 we find a vigorous revival of 
textile research similar to that which occurred during the corresponding period 
of the century previous. To mention names of workers would be invidious but 
during that period the work of the textile Research Associations began to make 
itself felt. If one might offer a word of criticism the methods adopted by the 
various workers right away up to 1926 would seem to be what was almost an 
obsession for the microscope. 

Let us therefore review something of more recent work on this subject and 
attempt, if we may, to ascribe their true significance to those charactenstics of the 
fibre which we can now measure with certainty. 

To trace the history of fibre measurement we should need to discuss the work 
of something like i ,000 workers who have published papers throughout the world 
on this subject. It would seem as though the word **wools" has obsessed our 
predecessors with the idea that the external attributes of the fibre were the most 
important. W stood apparently for width, O for oscillations or crimp, O again 
for ovality, L for length, and S for scaliness. Unfortunately our earlier workers 
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could see no further than these characteristics^ but at the same time, they were 
probably right to a large extent. The failure of the previous workers to correlate 
the different dimensional characteristics of the fibre, or to find any definite linkage 
or connection with manufacturing practice, has been due largely to the fact 
that they have been measuring or assessing the external values of the fibre in 
terms of the wrong dimensions. 

Work on gravimetric methods begun about the middle of the last century and 
again revived by Wilkinson and others, culminated in the establishment of the 
exact value for the density of wool by A. T. King, of the Wool Industries Associa- 
tion, which established a method independent of the microscope for the assess- 
ment of fibre fineness. 

It is now generally acknowledged that the weight in milligrams of ten metres 
of fibres at standard regain of i8J% is a safe criterion for assessing and comparing 
fibre fineness. The gravimetric method now suggested consists essentially in 
taking fibres, say five hundred or so, cutting them very quickly with a razor 
blade to a known length, an operation which takes but one second or two, and 
afterwards weighing a known number of these lengths under standard conditions. 
Taking this gravimetric method as the standard procedure, it is possible to 
differentiate between one (juality and another on the basis of fibre fineness alone. 
It is obvious that in weighing a fibre or bunch of fibres one needs an average 
value for the fineness, independent of the shape or contour of the fibres them- 
selves, which gives a value of an average character taking into consideration the 
whole length of the fibre and not merely, as in the microscope measurements, 
the fibre thickness at a point. 

Quite recently the International Wool ('onlerence m Bradford interested itself 
in the question of the possibility of putting forward an International scale of 
fibre fineness. There were obvious difficulties in the way, in that each country 
in the world had its owm particular methods of sorting to further its own particular 
re<iuirements. It was obvious, therefore, that if any agreement was to be 
obtained between country and country, first of all an agreed technique ol fibre 
measurement must be employed. The difficulties in getting agreed microscopic 
technique were enormous, but in the case of weight per unit length no such 
difficulties ensued. 

Let us now turn to some of the results of following this procedure. Jhe 
British Wool Federation, some time ago, in agreement with the United States of 
America, selected certain tops as representative of certain <iualities, and these 
have been multiplied in America by manual methods to put forward an agreed 
series of standards. By the kindness of the Wool Federation w e w'cre permitted 
to examine these tops, and employed the method outlined above. It was found 
that in proceeding from one quality to the next there was not just haphazard 
selection but a mathematical law seemed to govern trade practice. 

A very interesting relationship was lounrl to exist between the average 
fineness of these standard English combed tops and their position in the scale of 
qualities. The same relationship may also be shown to hold in jinnciple for 
the French, German, Italian, and other Continental standards. 

The values of fineness used to establish this relationship are those which have 
recently been published from this laboratory as the results of measurements 
on a range of tops which have been selected as tv^pical of each quality by the 
trade itself. 

It has been found that a linear relationship exLsts between the logarithm of 
the average fineness of a top expressed as the weight of ten metres of fibre, and its 
position in the scale of qualities, when equal intervals are assumed between these 

qualities. It is convenient to ascribe the numbers lo, 9, 8 ^ to the qualities 

48’s, 50*s, 56*8 8o's, thus providing, if necessary, for two qualities above 

8o*s. The relationship found is true from the highest down to the 48*8 quality. 
The result of plotting the logarithm of the weight/lcngth ratios of fineness 
against the position of the top in the scale of qualities according to the grade 
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QUALITY NUMBER 
Fig. t 


numbers above, gives a straighi line graph. In the case of the thicker wools, 
if the values obtained from direct cross-sec tionaJ measurement are substituted 
for the weight/length figures, close approximation to the linear relationship 
is obtained throughout. 

The best values for the constants of the line passing Ihrough these points 
have been calculated by the method of least sipiares. It tlfen appears that the 
relation between fineness and cpialitv for British to])s is expressibk* by the 
eq nation - 

W 

X 1479 login ^ - 6-58 ro 

where the successive values of r (10, 9, 8, etc.) represent the (jualities 50' , 
W 

5b*s, etc., and where / is the weight in milligrams of ten metres of fibre taken 

1 V 

at a regain of 18J per cent. 

E(]uation (i) mav also be written in the form — 

^ ^ e 
L 

from which it is apparent that on substituting the successive values of 4, namely, 

3, 4 10, the scale of fineness becomes in reality a series of values in geometric 

progression with a constant ratio — 

JL 

f — ^ 6*41 
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Equation (i) ih very um^IuI. Once the mean fineness of a top is known, its 
position on the ICnglish saile of slatuiards may l>e readily obtained. Conversely, 
the mean fineness of any top conforming to the standards may be found by 
substituting the corresponding value ol x. rhe relationship expressed by the 
equation also lends itself very well to diagrainiiuitic treatment. If the fineness 
readings are marked oft on a logarithmic scale, such as a slide rule provides, the 
mean values for the different qualities will occur along a collateral scale at equal 
intervals. It is thus quite easy to construct a fineness scale from which values 
can be read oft instantly. (Fig. 2.) 
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III wools of coarser thickness than would be classified as 48*8 quality, the 
presence of medullated fibres would, of course, render the weight per length 
methofl for measuring fibre fineness somewhat unreliable, owing to variations 
in fibre density. In such cases contour measurements are more accurate for 
thickness determination, as shown above, 

French Standards 

The figures for French standards put forward by MM. Dantzer and Rochrich, 
alter examination of a range of French tops, arc found now to conform to the 
same law as that expressed by equation (i), with, of course, a difference in the 
constants of the equation necessitated by a different nomenclature. MM. 
Dantzer and Roehrich have employed the numbers 17, 16, etc., to correspond 
to the French qualities 150, 140, etc., a nomenclature in the opposite direction 
to that employed for the British values 

Using their values in the same way as for the English tops, it was found 
that the relation between fineness and quality lor French tops may be represented 
by the equation — ^ 

* = 2.V30 - 15-77 loRio ( 3 ) 

This relation holds from the finest down to the IV's quality. In this equation 
X signifies the quality according to the nomenclature ol MM. Dantzer and Roeh- 

W 

rich, i.e. the thicker fibres were given the lower grade appellations, and - the 
weight in milligrams of ten metres of fibre taken at a regain of 18 J per cent. 

German Standards 

Flail (1930) published a scale of fineness expressed in terms of average fibre 
width in /i, after numerous measurements hail been carried out on raw wool 
and tops. Allotting to the qualities 4A, 3A, etc., the numbers i, 2, etc., as before, 
it may be shown that the relation between fineness and quality for wool usetl in 
German commercial practice (as given by Flail) is expressed by the equation — 
X »= 1615 log F — 17*96 

where F represents the mean fibre width in ^ and the successive values of x 

1 , 2, 3 II, the qualities 4A, 3A, 2A F. Krais* figures for weight per length 

values give a similar result. 

Italian Standards 

In view of the foregoing it is interesting now to consider the Italian proposals 
put forward by Commander Schneider at the Bradford meeting, of the Inter- 
national Wool Conference in November 1929. He suggested a fineness scale 
in which the successive degrees or grades differ from each other according to 
the law of geometric progression. In this case the equation connecting, 
the quality, and the mean fibre width may be shown to be — 

X ~ 55*88 logjp F — 66*00 
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where F, as before, stands for the mean fibre width in and the values of x 
(i. 2i 3 ) express what Schneider calls the ‘‘Finesse.*' 

All the four systen\s of finenesses which have been dealt with above differ 
both in the number of grades thc)* employ and in nomenclatuic Each system has 
been evolved from the needs of the particular aiuntry it serves and yet all, as wc 
have shown, have one feature in common, viz., the progressive scale of fineness in 
each country is in geometric progression. It would seem that there should bo 
some fundamental reason for this mathematical relationship. To understand this 
it is necessary to remember the manner in which the wool is first graded into the 
different qualities. This highly skilful work is done by the sorter, who, using 
both eye and hand, sorts out the wool into the qualities or grades which custom 
has established in his particular country. The question to be answered is, why <lo 
the finenesses of these grades form a geometric progression ? In i860, Fcchncr 
in his “Elements der Psycho-Physik." put forward the law nc'w known as the 
Fechner-Weber law, which states “in order that the intensity of a sensation may 
increase in arithmetical progression the stimulus must increase in geometrual 
progression.’* This law, holding good between certain limits only, is expressed 
in his general formula J log S, where 1 stands for the sensation and S for the 
stimulus and C is a constant. If avc regard the woolsorter’s judgment as inriicatn e 
of I then it must immediately follow that any attempt on his part to form a 
gradation of fincn('sses will result in a s(‘ale in which successive finenesses increase.* 
in geometric progression. This, as we have shown, is exaclly the case in practue 
in all countries. 

It must, of course, not be forgotten that two senses are employed in wool- 
sorting, viz., sight and touch, and that F'echner’s law has recently been shown by 
Macdonald and Kobertson to be inapplicable to the tactile sense. Thus the 
result of a selection employing the visual sense would imxluce a gradation ol wool 
into classes whose mean finenesses are in geometric progression. 'J'he tactile 
sense may in some way be related to the question of “handle.” 

It is thus established by examination of results that for wcK)lborting the e>v, 
or the visual sense, is the paramount factor. There arises, therefore, a question 
of the physiological aspect of the < ase. This has been dealt with fully by Tanzer 
in 1925 in a discussion on the psycho-physiological aspects of woolsorting. The 
conclusions arrived at in his thesis showed that in the case of woolsorting the 
question of visual acuity of the eye was somewhat compheated, since it was not 
a matter for the distinction of individual fibres froni one another, but for the diffei - 
entiation of them enmeshed together in the mass. The problem assumed a different 
aspect according to whether raw wool, grease wool, or scoured wool was handled. 
The question of suitable illumination during the woolsorting operation becomes 
a matter of prime importance. A good scattered light from shaded sunlight or 
from a north window would, with a minimum amount of fatigue, facilitate the 
differentiation between one set of fibres and another. In a shaded or darkened 
room one is conscious of an opening of the pupil of the eye with a consequent 
feeling of strain, so that in inadequate light a fibre would appear somewhat 
thicker owing to the greater angle subtended at the eye. A great -factor in 
differentiation between one filament and another as regards size is a sufficient 
degree of contrast. A white fibre on a black back^ound is capable of being better 
judged than a black fibre viewed under the same circumstances. This is obvious^' 
a case of irradiation from the fibre itself. Tnder these circumstances the discus- 
sion of the physiological side of woolsorting resolves itself primarily into the 
question of suitable illumination, and suitable optical power of the eye, so that 
the fibre may subtend an angle at the eye by which its size can be assessed. 

A further question arises in that the mesh and the size of the interstices of 
the mesh have also to be considereil. Obvioush a well-opened wool can be 
difieremtiated for fineness better than a closely packed one. Apart from the work 
of Tanzer, Helmholtz, in his “Treatise on Physiological Optics,” and Hartridge, 
in a paper on “Visual Acuity and the Resolving Power of the Eye,” have fully 
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dibcuhsed the questiou of the diiterentiaiing power of the visual sense for small 
changes in the size of the objects under view. The .subject is far too complex to 
be entered into further here without lengthy treatment, and the reader is referred 
to the original treatises as set out above. It can be said, however, that for the 
normal operation of the woolsorter the Fechner psycho-physical law is the 
fundamental basis of his work. 

Before proceeding to summarise the practical outcome of the psycho-physical 
law one w'ould naturally point out that unihcatioii ot nfmienclature is necessary. 
Dantzer and Koehrich have adopted a system by which the lip^st wool was 
given the highe.st grade index, which is of course in consonance with trade practice 
to-day. I'or purpo.ses of their work, England (Winson), Germany, and Jt^y used 
the opposite system , the finest wool was given the lowest index number. 1 n acaird- 
ance with trade practice throughout the world, and bearing in mind the original 
meaning of quality numbers, it may be bettiT to adopt the French system, and 
to allow the higher numbers to represent the higher degrees of fineness. I'his 
is a matter, however, to be decided by the trade itseli. 

The formula given by Fechner, I ~C log S finds its counterpart in the ilifferent 
system of classification for each country as below — 

W 

England (Wt./Length) 14-70 logjo j ^' 5 ^ 

W 

France (Wt. /Length)* x 2 i 5‘77 ^ 

(iermany (Fibre Width) ... ... x iO i5logi0F — 17*90 

Italy (Fibre Width) ... ... 55*88 log^o F - 60 *()o 

* Reverse s)^tem of < iiiiini'ratK)n employed 

I he agreement of commercial practice with the psycho-physical law of 
I’cchnor and the mathematical laws shown above may be regarded as the funda- 
mental basis of woolsorting in all countries. This being known, a convenient 
and secure starting point is allorded for the discussion of an international scale of 
fibre fineness capable of interpretation by all countries, without in any way 
disturbing current trade practice. 

The fact that the psycho-physical law, as put forward by h'echner and Weber, 
IS obeyed in all countries where woolsorting is practised, is of the highest import- 
ance. It IS now possible to construct a table showing the relationship between 
the values i»btaincd by different methods of woolsorting in various parts ot the 
world, and at the same time, since they are baseil on a logarithmic scalt*. to 
utilise equal scalar gradations for equal diflerences of quality. The results ot 
this show, in the first place, that fibre fineness is the paramount feature in wool- 
sorting, wliereas other attributes of the fibre become the second consideration. 
Nevertheless the latter are by no means negligible, am I once the quality is assigned 
as far as fineness is concerned, then come the sub-<livisions, according to the 
influence of other attributes, which arc of the highest importance to the trade. 
It is the clas.sification of the various wools in these sub-divisions which render so 
difficult the assessment of the various attributes in exact figures, as also the 
prediction of the subsequent manufacturing performance of the wool from the 
numerical values obtained for its diflerent characteristics. 1 he influence of these 
other factors on the practical man’s judgment in valuing wool is of such great 
importance that we must now discuss some of them. They may be divided 
under the three headings set out at the beginning, namely, the dimensional, 
structural, and constitutional characteristics aflecting wool quality. 

Let us first of all, therefore, consider the inter-relationship of those dimen- 
sional attributes of wool which would fall within the scope of the definition of 
wool "quality” ; namely, crimp, contour, length, and scaliness; 

it is significant that the earlier workers sought to account for all phases of the 
manufacturing behaviour of wool in terms of dimensional or geometrical attri- 
butes, the possibility of variability of the fibre substance or material, or even its 
internal physical structure, seeming to them remote, possibly the natural corollary 
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to the purely mechanical manipulation ol the fibre, which was customary in 
manufacture, the chemical and other processes being iiuompletely developed. 

Crimp or waviness follows as another outstanding feature, although it is 
doubtful whether in the eye of the woolsorter crimp actually indicates much 
more than an additional check on the fineness ol the fibre. , The Wool Industries 
Research Association has devoted considerable time to the study of trimp. It is 
found that in the same l<Kk of wool the total number of crimps per fibre is the 
same regardless of the length of Ihe fibre. This discovery means that the forma- 
tion of crimp is a periodic function of time ilscll. Unrler these circumstances, 
one can foresee new lines of discoxery regarding enmj) formation. It is well 
known that crimp or wax'iness can be formed writh organic materials by purely 
chemical or physical chemK al reactions Is it not possible that biological factors 
in crimp formation may be subordinat«‘d to those of chemistry or physics? 

In the second place it can be put torwanl that the length (.f a wool fibre from 
a lock, exhibiting different lengths, is intimately related to the thickness of 
the fibre; that is, crimp, length, and thickness can be correlated in the same lock. 
Duerden has used crimp as a mctliod lor the estimation of wool cjuality on fhe 
animal itself, and possibly it is a rough guide. It certainly may be a fairly 
reliable guide if a physical chemical reaction in the fibre substance itself can be 
proved as the source of the wavincss. 

To deal with the inter-relationship of the attributes of the fibres as expressed 
bv wool (]uality, one might take an analogy in f he behaviour of a strut or beam 
under strain subjected to a pressure along its length. The amount of bending 
IS given by a well-known mathematical tormula, and arising out ol this one ran 
obtain a formula relating crimp, thickness, the shape of the fibre and its elasticity. 
1‘hese four factors multiplied together under certam conditions yield a constant 
\ aluo, and it has been estaliLushed that the constant is somewhere about 9x10*. 
Thus wc have the tw'o fundamental laws underlying wool numufactnre and w'ool- 
sorting to build upon for our subsequent work 

First of all the law of woolsorting as regards fineness is known, and secondly 
a law of woolsorting as icgards its relationship to quality is also untler investiga- 
tion. There is, however, in the second law, a factor which is of dominant import- 
ance, namely, wc introduce a new item in the assessment of wool quahty, the 
idea of elasticity. Elasticity is a factor dependent on the structure and con- 
stitution of the fibre. Thus it is obvious that in any discussion of wool (juality 
the constitution of the fibre must be recognised, and duly attributed to its proper 
place, a point which, as already mentioned, received scant attention from earlier 
workers, resulting in their failure to relate scientific experiment and commercial 
practice. 

With regard to contour or shape of the fibre, <ilthough in the past regarded 
as being of little practical importance, recent research has shown its circularity 
to be a contributory factor to a good spin or otherwise. It is certain, however, 
that in a recent examination ol wool sent to Torridon by the New Zealand 
(Government all those wools which were classified by the Bradford wool man 
as being a good sound proposition had the lowest cllipticity values-, and the 
highest sulphur content. High sulphur content in wool lias been said to be 
analogous to high sulphur content in rubber, that is, a high degree of vulcanisation 
gives the rubber high elasticity and manufacturing value— similarly with wool. 

It is significant that Jlradford commercial practice fits in with tlie laboratory 
results so well as to show that first of all shape and secondly constitution con- 
firm the results of the considered judgment of the practical man. 

Under these circumstances one can claim, therefore, that the discoveries made 
at the Wool Industries Research Association are leading sur<dy to the elucidation 
of the enigma known as “wool quality,** but at the same time one has to bear in 
mind that no comparison of one attribute alone will yield the solution, but only 
when a method or methods are devised for assessment of all <iualities together can 
reliable laboratory work, confirming the results of the practical man, be obtained. 
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Even then it is obvious that in dealing with mass production, microscopes and the 
like are unsuitable unplements, and that the work of the woolsorter, bom of 
experience, and which in the past has worked so well in commercial practice, will 
prevail. The only difference will be that, as is commonly found, since sound 
commercial practice has always a definite scientific basis, that once this basis is 
known it opens out the way for improvement of the raw material in its various 
essential attributes for the attainment of greater uniformity of the fibre itself, 
and consequently for the attainment of a higher degree of excellence and accuracy 
with a consequent benefit in production of manufactured goods. Previous, 
however, to any method which may be agreed upon for the determination of wool 
quality, there must be agreed methods of sampling. These are of the highest 
importance. J. A. F. Roberts, of the Wool Industries Research Association, 
has recently published a paper on this subject and it is hoped that work now in 
progress will ultimately solve the question of samplmg once and for all. 

The Chairman said that he was .sure members present had heard these two 
papers with great interest, and invited discussion and questions. Several 
members having asked questions and expressed their appreciation of the lectures, 
a vote of thanks to Dr. Gibson and to Dr. Barker was proposed by Mr. John 
Crompton and seconded by Mr. W. Scott Taggart. 'Phis was heartily accorded. 

Replying to the vote of thanks and to the questions asked, Dr. Gibson said 
it had been a pleasure to him to deliver the lecture and to endeavour to give an 
idea of the general trend of research work in connection with flax, and he was 
very grateful for the way in which it had been received. In regard to the question 
as to the lines of work they were engaged upon, he thought that it would be 
realised that to answer all the points raised would take the rest of the day. What 
was going to happen with regard to the coarse type of flax was a serious matter. 
He had tried to make it clear that they were getting sufficient quantities of the 
coarse and lower qualities from Russia, but he was not sure whether the supply 
would continue when things reached a state that might be regarded as normal. 
A great deal depended upon the price at which low quality fibre came to rest. 
He did not think anybody could say what that would be. One of the possi* 
bilities at which he had hinted was the development of a dual-purpose flax. 
Immense supplies of low-quality fibre might be available from that. He was 
inclined to agree that co-operation between user and research worker was of the 
greatest importance. If the industry would do what the user wanted, processes 
of manufacture could be considered from the point of view of getting what the 
user wanted and considerable changes could be made. The producer was prone 
to set down methods of manufacture and quite naturally became conservative, 
not liking to make alterations. Another questioner had mentioned the con- 
figuration of the fibre. In the linen industry the problem of the optimum 
configuration of the fibre was as varying, be was afraid, as in the cotton industry, 
because they began with a fibre strand which was a bundle of fibres. During the 
preparing process these were split up into finer strands which were still a com- 
pound of individual fibres, so to decide the optimum they had to consider this 
compound fibre strand, and, of course, the individual units of which it was 
composed. They were giving rather more consideration to the behaviour of these 
fibre strands during processing with a view to facilitating spinning. His col- 
leagues were giving consideration to the requirements of the user and trying to 
decide what type of individual fibre gave the most suitable fabric for specified 
purposes. 

Dr. Barker said the question of constant density had been discussed by 
several authorities. Dealing with the comparison of different wools for spinning, 
he said that during the past twelve months they received frdm New Zealand 
200 fleeces of all types of wool and x8o fleeces from South Africa. They were 
submitted individually to wool men in Bradford, who indicated whether each 
fleece was good, medium, or bad, according to trade opinion. Then each fleece 
was analysed, and every fleece described by the Bradford men as ‘*good spinning'* 
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or *'good manufacturing proposition** had a low figure of ellipticity. Alternatively 
every ‘*bad** fleece had a high figure of ellipticity. Again, every **good** fleece 
had a high sulphur content, and “bad** fleeces a low sulphur content. The case 
of cotton was no doubt different. 


The afternoon was spent in visit to the Manchester Ship Canal. Members 
were conveyed by motor coach to No. 8 Dock, where officials of the Ship Canal 
Company met the party. One of the Company *s tugs was then boarded and 
the party was conveyed around the docks and along the Canal to Barton Bridge. 
A very pleasant outing was thus enjoyed. 

Public Lecture in the Houldeworth Hall 

In the evening a public lecture was delivered in the Houldsworth Hall, Deans- 
gate, Manchester, by Sir Leonard Hill. M.B.. F.R.S., on the subject of “Clothes 
in Relation to Health.** Mr. Frank Nasmith, F.T.I., Chairman of the Council 
of the Institute, presided. 


NOTES AND NOTICES 

Scottish Section Committee 

In our reference in last issue to the proceedings of the annual meeting of the 
Scottish Section of the Institute— at Edinburgh on 14th March last — ^the names 
of the Section Committee were recorded and one name was included subject to 
acceptance. Acceptance having since been notified the complete list of the 
Committee is as follows — Messrs. J. Maepherson Brown (Galashiels), A. R. Geary 
(Dunfermline), T. M. Lees (Galashiels), A. Smith (Dundee), A. J. Hall (PoUok- 
.shaws), with A. W. Blair (Hon. Secretary, Glasgow) and J. P. Beveridge (Member 
of Council, Dunfermline) as ex-ojfficto members. With regard to Section meetings 
for the ensuing session, the Committee is to consider arrangement of visits to 
Dundee and Musselburgh. 


Employment Register 

The following announcements are recorded from the Employment Register 
of the Institute. Further particulars may be secured or applicants placed in 
direct communication on request — 

No. 54 — Appointment required as buyer or salesman in textiles: .six years 
in important buying department; fluent French; age 24. 

No. 55 —Age 34; first-class education; 14 years with coloured goods manu- 
facturers as salesman and assistant in general supervision of depart- 
ments. Had control of costing and statistical department and 
accustomed to counting-house. 

No. 56 — ^Age 30; A.T.I.; experience in sales, production, and designing. 

Medallist in Section B, Cotton Weaving, City and G.; prize winner 
for fabrics (Text. Inst, and L.C.C.); scholarship winner;, evening 
teacher in weaving subjects; mill experience. 

No. 57 — ^Textile chemist and physicist desires appointment; experience in 
artificial silk. 

Institute Membership 

At the March meeting of the Council, the following were elected to membership 
of the Institute — ^N. H. Chamberlain, 4 Buckingham Mount, Victoria Road, 
Headingley, Leeds (Research Assistant, Department of Textile Industries, T^^eeds 
University); J. M. Freeland, 12 Albertville Drive, Belfast, N. Ireland (Clerk, York 
St. Flax Spinning Co. Ltd., Belfast); W. Jerome, b Park Grove, Fnzinghall, 
Bradford (Student); S. M. Roberts, Well wood, Selkirk (Apprentice Manufacturer); 
S. Shann, 30 Scotchman Road, Heaton, Bradford (in training for Management of 
Spinning Department); J. Whittle, 205 Church Road, Smithills, Bolton (Mill 
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Manager, Barlow & Jones Ltd., Bolton); A. C. Goodings, Ontario Research 
Foundation, 47 Queen's Park, Toronto 5, Canada (Director of Textile Division). 

At the April meeting of the Council, the following were elected to membership 
of the Institute — J. Butterfield, 15 Water Street, Haptoii, near Burnley (Textile 
Machine Erector); H. J. Clarke, Selfndge & Co, Ltd., 400 Oxford Street, London 
(Staff Manager); H. Hibbcrt, Lodge Bank Works, Darwen (Textile Engineer); 
A. S. Moss, "Dimsdale," Greenhill Crescent, Elderslie, Renfrewshire (Textile 
Chemist); R. A. Murray, E. Hall & Bro. Ltd., Botany Bleach Works, Whale>' 
Bridge; A. H. Scoweroft, 14 Lever Edge Lane, Bolton (Clerk, Cotton Mill); M. H. 
Winder, 40 I^Klge Lane, Hyde (Cotton Manufacturing, Manager’s Assistant). 


COMMUNICATIONS 

“Theory and Electrical Drive of the Loom” 

To the Editor 

Sir — ^The statements contained in the letter by the Reviewer of “Theory and 
Electrical Drive of the T.-oom,’' published in the Journal of the Textile Institute^ 
March 1931, pp. P35-P3b, again need correction. 

It may interest the Reviewer to know that the sley of that particular 120-in. 
loom was actually only 2 in. longer than the average figure given in the book, 
and also that the other particulars of that loom were practically identical with 
the average values stated. Consequently it may be correctly claimed to be 
representative of average modem practice. 

The figure of I'lO h.p. given was the average (or mean) value over 38 hours 
of the R,M.S, power required to drive the 120-in. loom (bring obtained from the 
analysis of a complete power record taken over that period) and therefore is 
comparable with the calculated F.M.S. value of 1*09 h.p. (Table XXXI TT). 

Since the calculations made have been proved conclusively to compare very 
closely with a large series of experimental tests carried out over a uunil>er ol 
years, to question the data on which the calculations are based seems quite 
unnecessary, for, as stated on page 8q of the book, "these values have been calcu- 
lated on the basis of average dimensions and weights of loom parts given by 
several reputable firms of loom manufacturers in this countiy^ and therefore 
do not necessarily hold good for all looms of the reed-space given. Each specific 
case should be considered individually, and <'ak illations made in a similar w.iy 
to those given.” 

Hiimberstone, Leicester, (Signed) R. H. Wilmoi 

ii/3/31* 

Reviewer’s Reply 

Sir — Replying to the points raised by Mr. Wilmot in his letter of 31/3/31. 

Length of i20‘inch Loom Slay — I have looked through the book, but cannot 
find any average figure given for this. But the infonnation now given has no 
bearing on my original criticism, which was that if the shuttle of a loom of t 20- 
inch reed space moved the distances calculated by Mr. Wilmot, the slay length 
would be about i foot more than the' average slay length in practice for that 
size of loom. 

Power for 120-tncA Loom— -If the figure i-i6 h.p. given was the average of the 
R,M,S, power, why not state that fact and avoid misunderstandings ? 

Accuracy of Data — I was aware of the statement on p. 89 of the book that 
“these values have been calculated on the basis of average dimensions and 
weights of looffi parts given by several reputable firms of loom manufacturers 
in this country.” But if so, then in a good many instances, '^of which I gave 
examples, the particulars given do not agree with the average looms at work in 
the country. (Signed) W.A.H. 

College of Technology, 

Manchester, 20/4/31. 
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College. In the course of the proceedings^ medals for services to the Institute were 
awarded to Messrs. J. Crompton, W. Frost, F. R. McConncl, and T. Fletcher Robinson. 
The Annual Mather Lecture was contributed by Mr. H. G. Hughes, Director of the 
Cotton Trade Statistical Bureau. 

Journal of the Institute 

The Publications C'ommittce has during the past year continued its general policy 
of publishing in the Transactions portion of the Journal contributions of high intrinsic 
scientific value. At the same time, much careful attention has been given to rnatters of 
general interest to the average member of the Institute. The I*rweedings section of the 
Journal has included a large amount of such matter and the Publications Committee will 
not cease to give this portion of the Journal that consideration which the importance 
of the matter properly warrants. The Committee has been impressed with the large 
number of original papers embodying the results of research of a high scientific order. 
While it has welcomed the increase in matter, it has at the same time ntHressarily had to 
deal with a consequent difficult financial position In all the circumstances, the general 
financial position of the Journal is considered to be good, and particularly the Committee 
would point out that the actual revenue from advertisements is this year in excess ol any 
year during which the Journal has been published. 

The volume of matter published is indicated by the following figures, with the 1929 
figures in brackets — I^oceedings 204 pages (192): Transactions 612 pages (410); Abstracts 
0 q 2 pag(*s {692); and advertisements 290 pages (304). The number of subscribers to the 
Journal is well maintained and .sales of back issues arc constant. The effects of the 
industrial depression have undoubtedly been felt, but under all circumstances the position 
is regarded by the Publications Committee as .satisfactory. 

Institute Diplomas 

The scheme of professional qualification of Members of the Institute continues to 
claim appreciation and recognition in a highly satisfactory manner. Applications for the 
Associateship and Fellowship have come forward in increasing number and the Examina- 
tions in relation to apjilications for the Associateshii) may be .said to have developed into 
well-established tests in General Textile Technology by way of qualification .supple- 
mentary to attainments in specialised courses in textiles. This is evidenced by the leler- 
enccs to the Associateship qualification appearing in a number of the pro.spectiises of 
technical colleges. In the case of short summer course for textile teachiTs held annually 
under the auspices of the Board of Education and conducted by Mr. J. K. Dalton. 11 M I., 
the announcement for the current year states that a course in textile subjects will be 
held in I^ndon from i8tli to 31st July and the couisc will be mainly devoted to llu* 
study of Gimeral Textile Technology in its various aspects, including its rehition to si hool 
curricula, and to the conditions laid down by the Textili* Institute* for the award of the 
Associateship. 

Applications for Institute diplomas during 1930 totalled 09 (15 Felknvship and 5.^ 
Associateship) as compared with 52 m the picvious j^ear (i 1 Fellowship and 41 Associate- 
ship) and 48 in 1929 (29 and 19), bringing the total number of applications since the 
inauguration of the .scheme in i9«25 up to 583 (245 and 338 ). 

Examinations w'cre held m June and December of last year and a feature ol the 
arrangements w^as that tlie examination on each occasion was conducted siniultaneou.sly 
at different places — Manchester, Glasgow, Nottingham, and Belfast. Seventeen candi- 
dates took the examination in June and 13 in December- - the largest numbers yet 
recorded. For the y<‘ar, there w'ere 30 candidates, 19 of whom passed and thus com- 
pleted qualification for the Associateship. 

Annual Competitions: Woven Fabrics and Yams 

The Crompton Memorial Competition provides the most important section of the 
annual competitions of the Institute. Recent revision of the conditions relating to this 
competition (design and structure of woven fabrics) has aimed at securing a wider appeal 
to the advanced students at colleges or schools in the vam^us textile centres. Although 
some response has been recorded as to increases of districts represented, yet there remains 
considerable room for expansion. It seems certain that if the terms and conditions of 
comix*titions existing to-day were more fully appreciated by both students and teachers 
a much wider representation would accrue. The numbers of competitors m the respective 
competitions for 1930 and 1929 were — (A) Competition (1930) 13 and (1929) ii; (B) 6 
and 7; (C) 14 and 22; (D) 24 and 15. The total for all competitions reached 57 in 1930 
against 55 in 1929- For the competitions additional to "A” (Crompton), the Institute 
h^ in past years received donations from generous supporters of the movement. It is 
sincerely hoped that further support may be forthcoming by way of donations in support 
of the special competitions. Mr. John Emsley, J.P. (Bradford), ex- President of the 
Institute, kindly attended and distributed lak year's prizes to the successful com- 
petitors. 
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Scholarship Scheme 

By means of funds available as a tesult of a donation of ^5,cx'x^ from the Cotton 
Reconstruction Board and Cotton Trade War Memorial Fund, an Institute Scholarslup 
has been inaugurated. The hrst award was made m the latte i pjrt of 1930 and Mr, 
Alan Ratcliffc, the holder, is pursuing a special comse of studies at the Manche.ster 
College of Technology. It was hoped, at the outset, that the annual income available 
would provide fur two scholarshi])s running concunently This was not jiossible, but a 
second scholarship is to be offered, however, during 1931 Ti'he Scholarship is open to 
young craftsmen engaged in the cotton spinning 01 cotton wc'aving indnstrv and presents 
opportunity to the young craftsman who would not otherwise Iw able to proceed m this 
direction. 

Invested Funds 

The total donation to the Foundation Fund c»t the Institute at the end of 1930 reached 
{ 19,020 IIS. Tid. This amount includes ^289 9s 5d. profit on coii’^ersion of War Bonds. 
The amount also mclud<*s ^861 gs. 6d. from the Institute Dijilomas Account, £250 from 
rehnciuishnicnt of former London ofiice pienuses, £2, 500 Croniptuii Memorial I'und 
(nominal value), and donation from the Cotton Kt*construction l^oard and the 

Trustees of the Cotton Trade War Memonal Fund The whole amount is in\estcd with 
the exception of a small balam'e at bank of {4 16s 6d Ihe interest trom the Cionijiton 
Fund IS applied to the Conipc'titions Scheme, that fiom the London office tenancy 
surplus to the London Section, and that from the contribution from the Cotton Re- 
construction Boaid and Cotton 'Eiade W.ii Memonal Fund is icserved for or applied to 
the Institute Siholarshi]> Scheme which came into opcTation in the latter p<trt of 1930. 

Inquiries 

Substantial servne is piovided to Members and others in tlu* form ol information in 
reply to inqiimc^. 'Ihe Special Committee appointed last year by the Council gave* 
special consideration to the methods of dealing with inquiries generally and a umfoiin 
system is now in opoiation with th finite insinu turns as to inquiries accoiding to their 
description. 

Council and Committee Meetings 

The following IS the leeoid of meetings ht‘ld during the yeai (ist Jamiaiy to 31st 
December i93(») — Council, 11, Selection, 10, Fubluations, it, lonancc, 11; IVojiaganda, 
5; Competitions, 2, Librarv% .|, L«mrashiie Section. London, 5, lush, 2; Yorkshire, 4; 
Scottish, o; Midlands 4: Total 72, as against 78 in the pievious \eai In addition to the 
foregoiiig, nine sub-coiiiniittcos met loi the coiis’deralion of special malteis. 

Section Meetings and Lectures 

Six m(*ctings of the I.anc ashire S( ( tu a, and thu'e joint meetings; two meetings of the 
Yorkshire Section, and two j<Mnt meetings; eight ol the London Sc‘clioii, and two visits; 
thiee of the Irish Section, two of the Scottish Sc‘ttion and tour visits; and two of the 
Midlands Section and two visits wen* held duniig i<M‘s which papeis wt*re lead and 
discussed. 

Membership 

'1 he membership list at ihe ciul of igfo —to be cairu d forward to IC131 — was made uj) 
as follows- Honorary^ McMiibers o, lafe Meinbeis 30, Ordinary Menibt'rs 1,324, Junior 
Members iiO; total 1,542 iis against 1,570 nt the enr! of 1929 Df the Members at 3 i'’f' 
December last, 157 had been admittc'd to the I''eIlow.ship and !<)(> to the Assck iate.ship. 

The Council lament the loss by death during of F. J. Hoxie (U S A ); 11 E. 
Aykroyd (Leeds); L. N Dillon (S. America); F. C. Farrington (Mauchestei ), JL Stott 
(Oldham): A. M. Wnght (New Zealand); IT. Lowe (France); J. J. Greenwood (Sf . Annes- 
oii-Sea); Jamc'S Bairstow’ (Keighley); C. E Crowther (Manchester) 

The death of Mr. Horace Lowe, the recipient of one of the first two Honorary Fellow- 

•ships awarded by the Institute, IS also deeply deplored. -n t- 

In the early part of the present year, the death took jilace of Mr E I». Fry (l.ondon ), 
who had been an active supporter of the Institute for many years. The demist* of Mr. 
W. B Richardson, of Farnworth, during April, is also to be recorded with regret. 

BALANCE SHEET AND ACCOUNTS FOR 1930 

Thc^ Hon Treasurer (Mr W W L Lishman) reported on the finances and said that, 
although the Revenue Account show<*d a dchnt, yet after ca,reful consitloration the 
Finance Committee concluded that the position was aot unsatisfactory having rc^rd 
to the prevailing conditions of general financial stringent y They looked to tht* members 
to use their influence in advancing the membership strength. 

The Balance Sheet and Accounts, with the Auditors* Reiiort, were received and 
accepted, on the motion of the Chairman, seconded by Mr. h, Nasmith, as follow 
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ELECTION OF PRESIDENT 

The Chairman next proposed the election of Mr. George Garnett, J.P., of 
Bradford, as President for the ensuing year, and in doing so said it was most 
desirable that the distinction should from time to time become associated with 
the districts connected with the various Sections of the Institute. He was ([iiite 
certain that IVlr. (iamett would prove a most capable I^esident. The Institute 
continued to grow steadily, and the fact should not be lost sight of that the 
f(jreign membership had considerably increased in late years. The Diplomas of 
tlie Institute gave a recognised standing to the successful applicants and there 
seemed every reason to suppose that the scheme of professional qualification in 
textile technology would be carried forward with increa.sing success. 

Mr. F. Nasmith (C'hairnian of Council) seconded the proposal, and said that 
in view of the enormous amount of work which Mr. (larnett contributed to the 
Institute movement in its earl}' days, it was most Jitting that he should now be 
elected to the highest office. 

The motion was carried unanimously, and I.ieut.-C‘ol. Dob.son then invested 
the newly-elected President with the Institute s presidential badge. 

Accepting the presidency, Mr. Garnett said— The veiy^ fitting celebrations of 
the Coming-of-Age of this Institute, a fortnight ago, have effectively brought 
before Ihe commercial community of this great country the acthities of an 
institution of supreme ^alue; created by men of talent, personality, and leader- 
ship, who have given freely of their time, ability, and means, to raise the status 
of the textile trades and the welfare of hundreds of thousands of th(jse engaged in 
it. In this connection the word ‘'welfare'* stands in its larger setting, as it 
covers the full mcauiiig of a successful career industrially and nationally. 

A review of the chronology of its twenty -one ycais' life issued at the celebra- 
tions shows the romance of its growth, and what features from tune to time gave 
It a new impetus, 'ihe in.stitution of the Mather J.ecturc; the creation ot the 
houndation J"und by the late Sir J^'rank Warner in i(;r8, Mi. John Croinjiton’s 
munificent gitt of the Lieutenant C rompton Memorial I^ize Fun<i lor t oin])etitions 
in design and structure of woven fat)rics in i<>22; and the granting of the Roxal 
C barter in which Mr. Einsley gave such valuable service, deserx e spec lal mention. 

What to-day, therefore, is its special apy)eal to the* tevtile industries_w liat 
its contributicm ? 

Junilv- It can and must be one of the main platforms for statements ol 
outstanding \alnc on subjects directly or indirectlv alletting our industrial 
destiny, fonugn relationships, economics, scientific research, education, ps\ c holugv 
ol control, etc. Other bodies have greater facilities lor spetitic work ui these 
matters than we ha\e, but they arc none the less of vital moment to us, and our 
Institute must ever be Wr-orthy c)f being the platforni for opportune announcements 
and discussions. Some of the causes of the present paraU'sing world depression 
could most usefully be discussed. La.st December the Council of the Inter- 
national Chamber of Commerce suggested to its various National Committee's, 
the following as among the chief causes— 

(^) ^ general increase m productive capacity which has temporarily outstripi)e(l 
the rate of increase in population and in the capacity of consumption, 

(2) 1 ‘ollowing upon a long period decline in world commodity jinces, a lurther 
sharp and excessive fall in prices, esjiecially in raw materials and foodstuffs, not only 
tw rapid but also too extensive to enable cost of production to be adapted and 
throwing retail prices out of t*quiUbnum to wholesale prices. Immediate recovery 

price depiction is delayed by the postponement of liquidation 

(3) The world-wide agricultural crisis; 

(4) *1^® unprecedented extent of industrial unemployment; 

(5) The prolonged malaise caused by political unrest; 

(6) The closing partial or complete of some of the world's most important markets; 

(7) The slow readjustment of national to the international economic situations 
by reason of the various bases chosen for monetary stabilisation; 

(8) Barriers to enterprise and investment imposed in many places by an unusual 
spread between long and short term money rates; 
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(g) 'Phe heavy fall in the price of silver which has further reduced the purchasing 
power of one-third of the world’s population; 

(10) 1 he forcing on the world’s markets of large quantities of grain, raw materials, 
and semi- finished products bv Soviet Kussia at prices less than the normal cost 
of production; 

(11) The levying in many countries of heavy tu'cation, in order to meet iinprecc- 
<lented national and intcTiiational indebtedm'ss; 

(12) Excessive incursions of 1h(‘ State into the domain ot pri\ate enterprise (which 
are clearly hindering and in some cases actually preventing the neccssai v .u cumulation 
of private capital, and the inducements to ])ri\ate enterprisi* and \enture) 



Mr (iEORGh (1 ARNETT, J P I' I 1 
{President oj the Textile histiiute) 

Since the war there has growm up abroad a sjiirit of nationalism -and self- 
containment which may have temporary advantages but uhich means extensive 
duplication of plant and serious disturbanie of our international trade*. We 
must naturally view with a good deal of alarm the estalilishnicnt of secondary 
industries in the Dominions of Canada and Australia, unless the economic balance 
of trade and the increased wealth of the world create corresponding expansion 
in the consumption of textiles — which cannot take place before the birth of 
another generation. The world depression through which we are now passing 
is exercising the fine.st minds in all countries. As a leading article in last week's 
issue of the Economist reads — 

“The biennial meeting of the International Chamber of ('ommerce at Washington 
a fortnight ago is a striking illustration of this; the report of the week’s proceedings 
provide abundant food for thought to the rulers and business men of the United ] 
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States and of Europe, not because any diagnoses or remedies for the current malady 
were forthcoming, but because the general effect of the discussions was to leave three 
great problems standing out clearly as transcending all othere, namely, disarmament, 
tariffs, and international debts. Once again the captains of industry of every country 
have pointed out to the (k)vernmcnt and the peoples the only road that leads to 
economic salvation. They have heard once more reiterated, emphasised, underlined, 
the immutable truth of economic law which briefly stated is, that in proportion as 
the free flow of commerce is blocked the production of the nations will be restricted 
and the recovery of their prosperity effectively impeded, and the peace of the world 
jeopardised by the strain of economic warfare." 

These decisions are in other hands than ours, and wc must content ourselves 
with the education of our members to deal with such changes as this new situation 
is bringing about. 

Secondly — C'ommercialised art — to use a term I have recently seen, which is 
more de.scriptive than euphonious, must receive greater emphasis from us. In 
the onward march of civilisation, power and purpose may fully reach their goal 
without much embellishment of their outer coverings; an express service loco- 
motive is a business proposition according to its efficiency and not according 
to the colour it is painted; a card, a spinning frame, or a loom, is fiiirchased for 
its quality and quantity production, and not for any value attached to chromium 
plated parts or a painted framework; but, when we come to fabrics, art plays 
as great a part in its final acceptance as its technical construction. W'e take no 
second place in the building of fabrics for every ctmeeivabit* purpose of wear and 
houseliold decoration; our textile industries pioneered the development in c\'ery 
other country, and by our perfection of our machines wc have created comyictition 
of no mean order in our foreign markets. Jn the maltir of men's wear goods, 
all the world conies to i^ondon for its choicest selections. It is the centre where 
every season, colour, decoration, and finish stimulate the textile trade at home 
and abroad, and it has brought us an unrivalled position in initiative and pro- 
duction; the genius is native to us, it only needs research and persistent cultiva- 
tion in the new generation to enable us to retain our hold. As to the women's 
trade, though the Wembley Exhibition did not seem to leave any tangible 
results, later endeavours and organisation of this section of the trade have 
certainly created in Ixmdon a more iniiuential fashion centre — a public acknow- 
ledgment of the beauty and intrinsic worth of British fabrics shown from season 
to season. Here again have we seen a distinct advance in the association of art 
with technology expressed in ways little thought of as po.ssibJe a few years back. 
As Paris still holds tlie lead for this trade, English manufacturers must be prepared 
to .spend more money in the education of their de.signers and to sample this 
market much more extensively, and 1 am sure the labour will bring its reward. 
All these de.signers should be our special care and responsibility, and 1 think that 
the Institute should take up the question of the apifficalion of colour to fabrics 
as a new study capable of extensive research and development. 

This should supplement what our Technical ('olleges and Schools are already 
doing, w'hicli I feel is excellent as far as it goes; as our Rest^arch Associations on 
the scientific side have become an indispensible part of the development of our 
industries, and have proved their value in a thousand and one ways, so 1 believe 
the mental training of our designers can be very considerably stimulated by more 
definite study than earlier opportunities afforded them. Fine colourists to-day 
are an asset to any manufacturer. With some it is a natural expression of native 
genius; others, under the stimulus of a sympathetic atmosphere or teacher, 
would soon show marked advance over previous work. They should be sent 
away periodically to centres that are influences of fashion and good taste in dress. 
In this way 1 would raise the status of our textile production ^nd hold the field 
with superior productions in any type of fabric. 

In the manufacture of staple lines, the position is different. Here it is more 
a matter of factory organisation, of skill in management, of lower unit cost in 
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production, of definite whole-hearted co-operation to get the best results at 
the lowest possible price. Our Associateships, leading up to Fellowships, will 
provide the new men for these positions. This is their ambition as well as ours,, 
and as thoroughness and qualification are the guiding principles of the Selection 
Committee, these men should be a credit to the Institute as w.ell as themselves, and 
should be sought for in the coming changes. 

Lastly — I should like to refer briefly to the reports of the Trade Mis.sions that 
have recently returned from foreign fields. The Scotch delegation to the Con- 
tinent discovered much piracy of designs and colours — dishonest, but a great 
compliment to our unique position — marked adv'ancement in production ol goods, 
both cheap and good; that Continentals work harder and long<T to recover and 
extend their former' position and are succeeding in doing so, that fashion-intelli- 
gence services had been established in Paris that we had never dreamt of in 
this country, again proving the new emphasis in art in indu-^t \. In the Far 
Ka^t the new' economic and industrial position, and the seriousness of the new 
competition that was arising out of it, dominateii the report. W'e are losing 
these markets because of the high price of our goculs. Th'‘ technical features 
which more directly concern us sugges't newer yarns and fabrics that must be 
created if we are to get a semblance of the trade that is still po.ssible to us — 
again a matter of commercialised art. VVe have also the words of our jMustrious 
Royal Trade Mis-sionarj’, the Prince of Wales, who was accorded such a worthy 
reception in Manchester last week. In a speech packed with shrewd observation 
and constructive suggestion, he .said that vve should sacrifice some of the high 
finish and solidarity of our manufactures to bring them nearer to the competitive 
price. Make goods South America wants and which our rivals are providing, 
brighter in appearance. This certainly will not be English standard practice, 
but the distre.sses of the times demand that we shoukl fit the pockets ol the 
people by providing copies as wtII as originals of high (|uality goods. Again 
1 notice that goods must be more colourful. 

If the new generation of members of the In.stitute (‘iideavour to realise the 
enormous amount of self-sacrifice, ability, and labour that has been given in the 
past, and still being given to-day, by men of outstanding merit anti leatiership, 
for the benefit of industry through this Institute, J am confident that its prestige 
wdll not wane but its value and service will be sought by an increasing army of 
men bent on maintaining the premier position, and saying, in the words of the 
Prince last week, *‘ln the struggle that lies ahead, you can always count on me.” 

Mr. Garnett next moved a vote of thanks to l.ieut.-Col. 1 )ob.son, Past-President, 
who had, he said, during the past two years, contributetl excellent service and 
maintained the pre.stige of the organisation. He hoped and believed that 
although Col. Dobson was leaving the chair they would have the benefit of hi.s 
interest and support for many years to come. 

Mr. W. Frost seconded, and said that the retiring l^e.sident had shown 
marked ability and had exceptional (jualilications lor the office. 

The motion was carried by acclamation, and Lieut. -('ol. Dob.son, in reply, 
said he would certainly continue to be warmly interested in the welfare of the 
Institute. He would look back upon the meetings of Council and Committees 
which he had attended, and was sure he could regard them as marking some of 
the best days in his experience of organised effort. 

Moved by Mr. Frank Wright, seconded by Mr. C'. Hutton, three vacancies in 
the list of Vice-l^esidents were dealt with by re-election and election as follow' — 
Messrs. A. F. Barker and W. Frost, re-elected; Mr. E. Midgley, elected. 

The result of the ballot for the* election of ten members of Council was 
announced as follows — Elected: W. Wilkinson (Blackburn); H. Nisbet (Man- 
chester); W. Davis (Nottingham); F. Wright (Bolton); W. W. L. lishman 
(Todmorden); H. C. Barnes (Manchester); G. A. Barnes (Bolton); T. Woodhouse 
(Blackpool); A. W. Stevenson (Galashiels); J. H. Strong (Great Harwood). 
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The Institute's Auditors (Messrs. A. E. Piggott, Son & Southworth Ltd.) 
were re-elected on the motion of Mr. Lishman, seconded by Mr. Nasmith, and 
the proceedings then terminated, 

LONDON SECTION ANNUAL MEETING 

The ninth Annual Meeting of members of the London Section was held at 
104 Newgate Street, London, E.C'.i, on Thursday, 7th May 1031. Mr. F. Henley 
presided, and there were also present Messrs. W. N. Bacon, A. Farmer, A. JC. 
■Ciarrett, A. Gowio, J. Howard, W. Jatte, A. Mason, W. Matthews, R. S. Meredith, 
T. C. Petrie, CL A. Kushton, S. A. Williams, E. Wigglesworth, and A. K. Down 
(Hon. Secretary). Apologies for aKsenie were received from Messrs. A. B. Ball, 
H. J. Clarke, ('. 11 . C'olton, H. B. Hevlin, 1 .. J. Mills, K. J J’eers, and W. C. 
Whittaker. 

The minutes of the ])revious Annual Meeting (13/4/11^30) were read and 
approved. 

Annual Report — I'his report of the ('onimittee was read and approved. Tin* 
report reviewed the work of the past v’oar and stated that since the last annual 
meeting the London Section had lost through ri‘signations, Iranslerences, and 
other cau.ses, a total ol <»S members, 'this tlecrease was mainly due to the 
formation of the new Midlands Section, to which 77 of the members had been 
transferred. During the year 20 members had been added, and the total member- 
ship of the Section was now 155. It was with di'cp regret that the death of 
^Ir. K. B. h'rv, a \'ice-Chairman, was recorded. Mr. I^'ry was a hoiinder member 
and a member of the Council, rendering valuabk* service to the Institute and to 
the r.ondon Section in particular. 

f^wdng to the splitting olf ot the Midlands maniitacturing mcmlicrs, the scope 
of the London Section remained purely distributive and educational. X'arions 
<lifficulties aro.se from this situation w'hich were receiving the earnest consideration 
of the Committee. 

There w'ere now 13 members of the St*ction holding the I'ellowship, on(‘ th(‘ 
Honorary hellowship, and eight tlu' Associateshij). 

During the Session 11)30-31, lour public lectures look place, one by tlu Kind 
permission of the C'kithworkers’ ('ompaiiv' in their Hall, and others in the Hall 
of the J..C.C. Barrt'tt Street 1 Yade School. Last year’s ('onimittee recommended 
that the holding of lectures in the West -End of London be extended, and this 
departure proved very popular. In addition to the public le( turcs, four mtornial 
<liscussioii meetings have been held in the Members’ Koom at the Oltices ot the 
Section. 'I'he total attendances constiluled a record, and tlii' prograimne had 
proved most successful 111 every w’ay. 

At the kind invitation of Messrs, lientley JAd., a number ol Section inemliers 
visited their laundry on 13th October i<J3o. Alter inspecting the process(‘s and 
w'orks. the members were entertained to tea. On T5th March 1031, by the 
courtesy of Messrs. British Ropes Ltd., a party visited the works, and the event 
proved .successful and interesting. Tea was kindly prov^ided. On Saturday, 
24th January ic)3i, a miniber of members visited the Exhibition of the Linen 
Industry Research Association at the National Science Museum, South Ken- 
sington, S.W. The party was conducted by Captain Evans, who explained the 
exhibits, w’hich illustrated the extent of the valuable work being carried out by 
the Association. 

The arrangement with the British Institute of Industrial Art for office accom- 
modation terminated on 31st December 1930. The Committee regret losing 
these friends, but owing to reorganisation of the Institute the change was in- 
evltable. 

.\rrangenients for parties of l^mdon students to visit T-ancashire mills in the 
near future are in course of preparation. This development is receiving the 
cordial support of C'ouncil. 
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In the interests of economy, after consultation with the Council, arrangements 
were completed (as from 25th March h> the courtesy of the Drapers’ 

Chamber of Trade of the United Kingdom, whereby separate clerical assistance 
for the Section could be dispensed wntli, the direction of allaii^. course, remain- 
ing under the control of the Honorary Seendary, Mr. A. R. Dow n . The C'onimittee 
wish to place on record their appreciation of Miss Iditton’s ser\ices to the Section 
during the past seven years. 

The Committee were unajiimous in recording their grateful thanks to their 
Chairman (Mr. R. Henley) and Honorary Seiretary (Mr. A. K. Down), for their 
continued great interest in the In.stitute, and for tiieir valuable v\ork during the 
year under review. 

Nomination of Committee — Hon Secretarv reported that 20 nominations 
had been received and that no postal ballot w as therefore netes.srirv . The nomina- 
tions received were — Me.ssrs. A. B. Ball (Silk Association of G.c.it Jiritain ami 
Ireland, Inc.), H. J. Clarke (Selfridge & ('o. Ltd.), ('. H. Colton (British Celanese 
Idd.), A. R. Down (Antony Gibbs A Son.s), A. JC. (iarrett ('rhe Jaeger Co. Ltd.), 
A. (iowie (The Drapers’ C'hamber ol Trade of the United Kingdom), 1 '. Henley 
(Lilx'rty Ltd.), 11 . B. Jleylin (War Office, Army Ordnance Serxice), j. Howard 
(Office of the High Coininissioner for India), C. W. James (Imperial Chemical 
Industries Idd.), A. Ma.son, W. II. Matthew's (Board ol 'trade), R. S Meredith 
(.\dam A’ Lane & Neevc Tdd.), L. J. Mills (International C'orrcsj)ondence Schools), 
I*, j. Neale (Worshipful ('omjiany of C lothworkers), J. R. Leers (National 
f ederation of Launderers Ltd.), CL A. Hnshton (Ollice of the High (’ommissioner 
lor India), E. Wiggle.sworth (flax low Manulactnrers Ltd.), S. A. William 
(London County (.ouncil), W. ('. Whittaker (llarrods Ltd.). 

'I he meeting decided that the loregoing nominations should be recommended 
to council lor election. 

( /utirman, Vice-Chairmen, and OffKfrs It was the unanimous wish of the 
meeting that Mr. Henley should again be nominated as C hairman. Many 
members referred to the ex'cellent W'ork Mr. Henley harl done during the past 
years, and suggested that it would be in the best interests ot all il he would 
(onsent to carry on lor another )'ear wdiile the reorganisation of the Sectiem was 
in progress. Mr. Henley consented to accept nomination. 

1 'lie following were nominated Vice-Chairmen- Messrs. A. E. Garrett, J. 
Howard, I*. J. Neate, and E. Wiggle.sworth. Hon. Secretary — Mr. A. K. Down. 

j\Ir. CL A. Rusliton proposed that, in \iew of the new arrangements wherebx 
there would be a closer working arrangement in clerk al matters with the l>rapers 
Chamber of Trade, Mr. Gowie shoukl be nominated as Hon. Assistant Secretary. 
'I he meeting accepted Mr. Rushton’s sugge.stif»n, and Mr. Gowie consented. 

The C'hairman and Hon. Secretary rolerred to the very sincere and able 
manner in which Mr. Rushton had served the Section in the jiast, and it w'as 
unanimously decided that a record of the Section’s ajipreciation of Mr. Knshton s 
service.-^ should be recorded on the minutes. 

Ryen/Lscb and Arrangemenis The Chairman outliiu'd the new' arnuigemt*nts 
as to the London pnmiise.s, wdiich the meeting accepted as being \ ery satistactory. 
A vote of thanks was given to Mr. A. Gowie for his eltorts, which had brought 
about this solution of the Section’s difficulties. 

It was decided that a small token should be given to Miss h'Utton as a mark 
of appreciation ol the manner in which she had carried out her duties. 1 he 
arrangements lor this were left in the hands ol ^lessrs. 1^‘. Henlej' and A. R. 
Down. 

Votes of Thanks— Hearty votes ol thanks were accorded to the Worshipful 
Company of Clothworkcrs and the Drapers* Chamber of the United Kingdom, 
for the great assistance and considerable services they had given, and the meeting 
closed with a warm vote of thanks to the Chairman, 
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MIDLANDS SECTION ANNUAL MEETING 

The hrst annual meeting of the Midlands Section of the Institute was held at 
the University College (Shakespeare Street), Nottingham, on the afternoon of 
Saturday, i6th May 1931, under the chairmanship of Mr. T. Morley, of Leicester, 
when there was an attendance of about 25 members. 

The >lon. Secretary (Mr. J. Chamberlain) submitted a report which reviewed 
the meetings of the past year. So far, a Provisional Committee had sers^ed the 
Section and the attendance records as to committee meetings were presented. 
Thirteen new members had joined since the Section was formed, bringing the total 
to loj . The general meetings and visits to works had secured an average attend- 
ance of about 30 members. 

Nominations were invited lor membership of Committee tor the coming year 
and it was agreed that the following be recommended to Council for election — 
Messrs. H. S. Hell (Mansfield), J^. A. Bentley (Leicester), W. N. Bignall (Notting- 
ham), ]. Chamlwrlain (T-eicester), H. F. Lilburn (Leicester), T. Morley (Leicester), 
S. A. Simpsrm (I-oughborough), A. Stoppard (Nottingham), E. Walker (Not- 
tingham), S. E. Ward (Nottingham), E. Wildt (Leicester). 

The matter of Section meetings to be arranged for next session was discussed 
and it was agreed that the Committee should consider meetings for Nottingham, 
Leicester, and Hinckley, and possibly Derby. It was also agreed that the Com- 
mittee sliould consider inclusion of a social event in the programme and one or 
two further vi.sits to works, ft was also agreetl thal arrangement of meetings 
jointly with other bodies be considered. 

Mr. J. H. Lester, M.Sc. (^Manchester), was next called upon to give an address 
on “The Past, l*resent, and Future of the Textile Institute." Mr. Lester dealt 
particularly with the Institute's scheme of professional qualification of members. 
The progress of the Institute had been most satisfactory in many n‘spects ami its 
standing would be exactly what it de.served to be according to the <*ttorts and 
contributions of its individual members. In the near future, the institute should 
play a leading part in influencing educational methods, whether in the interest 
of the manual textile worker, of the budding graduate, or of the academically 
trained man seeking to gain a footing m industrial work. Fhe opportunity 
offered by the Institute to .Members, Associates, and Fellows to read papers for 
publication in the Jotmuil was strongly advocated as a means whereb\ a man’s 
capabilities could be made known to his technical and scientific brethren. It 
was by such means that the status of the Journal and of the Instil ute could be 
best raised in the public estimation. The interests of design and of art were 
already encouraged through the ('rompton Scheme, but he (Mr. Lester) stres.sed 
what he con.sidered to be even more important- knowledge of the “art of textile 
manufacture” in the sense of acquaintance with the methods, operations, and 
processes involved. 

On the motion of the Chairman, seconded by Mr. S. E. Ward, a hearty vote of 
thanks was accorded Mr. Lester. Mr. Ward said that after listening to the ad- 
dress many members of the Section would be better able to appreciate the value 
of the work of the Institute. He would like to stress the usefulness of the 
Institute as an exchange of opinion on technical matters. A great deal could be 
done by helping one another. 

On the motion of Mr. Bentley, the Chairman was heartily thanked for his ser- 
vices and the proceedings concluded with tea by the kind invitation of Mr. Ward*. 
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REVIEWS 

Ekmentary Textile Mioroecopy* By John H. Skinkle. (Published by the Howes 
Publishing Co., New York. (144 pj)., 05 figures.) 

The purpose of this book is stated in the preface to he . a combination 

text and laboratory manual for the author’s classes in Microscopy at the Lowell 
Textile Institute, but it is also intended to Ik? of aid to the independent worker 
in the industry . . . t Undoubtedly a Iniok that fulfilled these ref luirememts 

would be extremely valuable, since there is at present no Ixiok in the English 
language which does so. 

The photomicrographs do not set a good example to the beginner, since 
several of them appear to be out of focus and to have given incorrect 

exposures, in spite, or perhaps bf'cause, of the author’s cumbersome formula 
for calculating exj^siires which is given on p. 07. Though Ibis formula involv es 
seven factors, yet it docs not exhaust the variables occurring in photomicroscopy, 
while definitely misleading data on the speeds of diticrent plate's is included. 
Actually the only entirely satisfactory method of gauging exposure is to take 
a trial exposure for each different preparation and optical arrangement, though 
fairly good results <'an be obtained, when using white light, by the aid of an 
actinometer. 

Both fibres and starches are easy microscopical objects to pliotograjih lor 
their main morphological characteristics; it is therefore surprising that the 
photomicrographs of many of the.se are so indistinct. Tlic cross-.sections of 
fibres illustrated are slightly better, though they are all of rayons and all appear 
to have been ])roduced by the author’s so-called “rayon condenser.” 'fhis 
method of .secthm cutting is identical in principk' with that f)J A. Wollhaf, 
Kisnsheide, 12 , 422, 1030. It is extremely coinenient for the identification of 
fibres, yet it does not show up the finer details, nor does it permit of the examina- 
tion ol dark-coloured fibres. It would, therefore, have been useful to give illus- 
trations of the results of other methods also. 

No details of the methods of illuminating fabrics for examination under low 
jiowers is given in the twelve pages devoted to this subject, while Fig. 70, of 
cloth before and after schrein<*ring, is unintelligible even wdth an a priori 
knowledge of this process and the appearance it prcKluces. There is, of course, 
iu) dillicully in ])hotographing the ellects of this process (Textile Manvfactuier, 
LVI, 284, 1030), provided the principles of the method are understiKid. Equally 
sketchy is the treatment of dark ground illumination and jKilarised light metlKuls, 
pp. 106-7, yet the .student is told in Experiment 23 to take photographs of libres 
l)y these two methods. It is unquestiimablc that a student with no more in- 
formation than has been obtained from this bo(»k would neither be able to take 
these photographs himself, nor understand them it he did. 

Tt appears that the author has applied the Monroe doctrine to his .search of 
the literature, for of the few referemes ciuotc‘d at the end of the book, no mention 
is made of the many valuable pajws that liave been a])pearing in tlie English 
and German literature. 'J'Jiis is a pity, for even a reierence to where these ari' 
to be found would be extremely useful to students. Also the valuable books <»f 
A. Herzog and Ambronn-b'rey are not mentioned in his bibliography. 

If a later edition is published, it is to be hoped that the autlior will give 
simple working instructions for the carrying out of the various microscopic 
manipulations which are omitted here. P'or the conception and general design 
of the book are good, and it is therefore the more unfortunate that it should have 
been spoilt by bad detail wwk. 

Textile Deiign and Colour: Elementary Weaves and Figured FaMcs.^ Third 
Edition; with Anpendices on the Manufacture of Rayon ( Artificial Silk) and 
Standard Yamsj Weaves^ Fabrics* By William Watson, K.T.I. Pub- 
lished by Messrs, l^ngmans. Green & Co. Ltd. (47O pages; 438 illustrations; 
8vo; price 21s. nett). 

A text-book on a subject relating to any section of an important industry or 
trade and which is fortunate enough to survive th<' critical test of two editions 
and enter on a third, requires no introduction, and l>ecomes its owrn testimonial 
The volume under review has emerged successfully from this test, and it is sure 
to be welcomed, especially by students of the principles and fundamental .struc- 
tures of woven design and their practical application in the construction of the 



Pll6 


Proceedings 


elementary types and varieties of textile fabrics produced from any of the textile 
materials comprising cotton, linen, wool, silk, and rayon. 

The author treats the subject of textile design and fabric structure in the 
manner appropriate to the specific purpose of a text-lK>ok for students, that is, 
in the natural progressi\ c se(iuence from the sini])lest and most elementary weave 
structures, and leading step by step to the more advanced and complex. By this 
method the student ac(iuires a clear and logical conception of the fundamental 
principles on which the various weave structures are basc'd, and of their suit- 
ability for the creation of th<' various textural features according to the different 
purposes for which the fabrics are intended. 

Further, the subject of textile design is, wisely, treated from the structural 
as well as the deiorative and ajsthetic points ot view ; this being highly desirable 
for the designer. Not only are the siinj)le tappet and dobby strin tures dealt with, 
but also the method of preparing Jacquard designs is fully described, as well as 
the principles of (oloiir and their application to textile labrics of all types from the 
simplest weave structures to the more elalKmite decoration of Jaccpiard figured 
fabrics. 

The practical utility ot this text-book is still fuiilKT enhanced by two useful 
a])])endiccs. Appendix i. which w'as also a feature ol the second edition, is 
devoted to three glossaries of standard yarns; standard weaves; and standard 
fabrics respectively. Appendix 2 is additional to this edition and gives a very 
condensed treatise on the manufacture ol rayon of tlie \’arions types. 

As an appendix, this section may prove a useful supplement to the lx)ok as a 
general treatise for the student ot general textile t(‘('hnology, and this is probably 
the aim of the author. I'o those in possession of either of the previous editions 
of this work, this api)endix would not justity the (‘ost of the third edition. As a 
really useful text-book on the principles of woven design, the present volume ean 
be highly recommended to students. Tlie b(X)k is provided with an excellent 
index w’ith cross r(*fcrences. H.N. 

Cotton Doubling and Twisting. By Sam Wakefield Published ]>y C. Nicholls 

and Co. I.td., Manchester. 

This is the second edition ol a very well-knowui work in four volumes first pub- 
lished in book form in 1915. The comment by the author, in his preface to the 
first edition, on the paucit)'^ of published matter relating to the processes involved 
in cotton doubling is still largely true, and as copies of the former edition have 
for long been diflieult to obtain, the issue of the second edition wdll be generally 
w’elcomed. The work is a comprehensive one, and give.s a very good general 
description of the machiner)^ appliances, and methods employed in that large 
and increasingly important branc h of the cotton trade which is re.sponsiblc for 
the production of almost all the varic'd types of doubled yam required by the 
manufacturer and finisher. 

In the pre.scnt edition a good deal ot remodelling and amplification of the 
original matter has occurred. To bring the w^ork more up to date, considerable 
additional matter has bt'en introduccxl, amongst w^hicli reference is made to 
important recent d(welo])ments in the jirocess of gassing, the driving of twisting 
spindles, and winding and lieaming methods. The wxirk retains its previc^us 
form, each of the lour volumes comprising two sections. The subject matter, 
which is amply illustrated, is well arranged and dealt witli in a clear and concise 
manner, and each sec'tioii is adec^uately indexed. 

Volume I. Section 1 - \’arn tc'sting and sampling. Section II — Double 
winding. 

Volume II. Section Ilf — Flyer and ring twisting. Section IV — ^Twiner 
twisting. 

\"olumo in. Section — Clearing and gassing. Section \T — Reeling, 

preparing, and making-up. 

Volume Section \TI — Threads and their manufacture. Section VIII — 
Costs, waste, and organisation. 

The author, who has long l>een recognised as an authority on matter relating 
to practical cotton doubling, can be congratulated on a work wlilch has l>een of 
considerable service, not only to those specially concerned with practical cotton 
doubling, but to textile students generally. The additions which have been 
made to the present edition, give added value to a work which can be recom- 
mended as a treatise on the general proces.ses involved in cotton doubling. C.B. 
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Examination in General Textile Technology 

An examination in (icneral Tc^xtile Technology m connection with 
applications for tlie Associateship of the 'J extile Institute took place at 
Headquarters, Manchester, and simultaneously at tin* Municipal College of 
IVchnology, Belfast, and the Royal Technical ('ollege, Glasgow, on Wednes- 
day, 17th June ikll For the information of members and others 
interested, the examination paper, in two ])arts, is recorded as follows 

PART I (SECTIONS I AND V OF SYLLABUS) 

10 ii w to 1 /);;/. 17//? Jit>tr 1931 

Candidates to answer THREE out of FOUR Questions in each 

Section of Part 1 

Section I— Fibres, and their Production 

(1) What is a bast film* ? Indicate diagrammatically that i)art of the plant 
from wliich the fibrous layi’r is obtained, and desciilx* the method of 
abstracting the fibre in the (ase of one comimTcial variety. 

(2) What are the factors which determine the eciuilibrium amount of water 
absorbed by textile fibres from the air ? Describe in iletail hou changes 

• ill the magnitude of these factors affect tln‘ amount of water abvSorb(‘d 
and place the following fibres in ordei of tlu‘ir athnity tor water cotton, 
wool, silk, and acetate artificial-silk. 

(3) Describe the physical properties which make tlie f blowing fibres suitable 
for the purposes named --- 

(a) Silk for the manufactun' of parachute fabric. 

{h) Linen for (1) aeroplane wing fabric, (2) tropical suitings. 

(c) Wool for (1) blankets, (2) outer-wear clothing materials. 

\d) Cotton for (1) tyre cords, (2) absorbent cotton-wool. 

(4) Discuss the advantages and disadvantages of Rayon as a te'xtile material 

Section V— Analysis and Testing of Raw Materials, Yarns, 

and Fabrics 

(1) In what way do the following factors influence the apparent strength of 
yam- (a) rate of loading, (b) length of test piece, (c) moisture content ? 
The type of yam to which reference is made should be specified. 

(2) Describe a method of determining the Mean, and a measure of the 
Variability, of a large number of individual test results. 
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(3) State the foreign materials (including adulterants or accidental im- 
purities) which you would expect to find in the following — (a) low 
quality calico, (6) a heavy crepe-de-chinc fabric, (c) fire hose which has 
rotted in use, {d) white cotton fabric which has yellowed on storage, 
{e) non-inflammable flannelette. 

(4) How would you make a quantitative analysis of a wool and cotton 
mixture fabric ? 

PART 2 (SECTIONS II, III, AND IV OF SYLLABUS) 

2.30 p.m. to 5.30 p.m.— Mth June 1931 

Candidates to answer TWO out of THREE Questions in each 

Section of Part 2 

Section II — Conversion of Fibres into Finished Yarns 

(1) Compare the processes of preparing and spinning in one of the following 
ca.ses — (a) linen yam on the line and tow systems, fi) thrown and spun 
silk, (c) woollen and worsted. Discuss the effects of the material and 
proces.ses on the properties of the yams produced. 

(2) What is the object of varying twist in yarns ? Which textile fibres do 
you associate with low twist yams and which with high twist yams, and 
why ? What are the uses and disadvantages of high twist ? 

(3) Outline briefly tlie various methods of yam spinning and compare the 
types of yam produced. 

Section III — Conversion of Yarns into Fabrics, and Fabrics 
produced by Special Methods 

(1) What is there to be said for and against tlie adoption of automatic looms 
in place of non-automatic looms ? Discuss the question from the point 
of view of (a) economy of productive costs, {b) relative quality of cloth, 
(c) capacities of change of weave to suit variety of design, colour, and 
interweave. 

(2) Compare tlie properties of woven, knitted, and warp-Joom knitted 
fabrics. 

(3) How is the warp held in tension during the proresb of weaving ? Make 
a .simple sketch to show the arrangement of mechanism provided on 
(a) a hand loom, (6) a power loom, and (c) a power loom with automatic 
let-off motion. 

Section IV — Conversion of Fabrics into Finished Materials 

(1) Describe the behaviour of each of the following fibres towards acid, 
basic, and direct dyestuffs — (a) cotton, (b) viscose rayon, (c) acetate 
rayon, (d) wool, and [e) natural silk. 

(2) Wool and cotton react differently with acids and with caustic alkalis. 
Discuss the action of each reagent on both fibres and outline a process 
in which use is made of their different reactivities towards one of these 
reagents.’ 

(3) Explain why the milling process can be applied only to fabrics composed 
wholly or partially of animal fibres such as wool. Discuss the nature 
of milling shrinkaj^ and describe a method for treating fibres so as to 
prevent it. 
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Yorkshire Section 

Joint Meeting with the Keighley Textile Society, i)th March 1931. 

Chairman, Mr. H. B. Cordingley. 

EVOLUTION OF FASHION AND ITS EFFECT ON FABRICS 

This lantem-illustratecl lecture was delivered by Mr. A. M. Chapman (Fellow) 
to a joint meeting of members of the Institute and of the Keighley Textile 
Society; ladies were specially invited. After an introduction in which some of 
the vagaries of fashion such as the crinoline, hobble-skirt, and bustle were re- 
ferred to; the lecturer attempted an analysis of the causes of changes in fashion. 
We have adapted our dress, said Mr. Chapman, to the conditions under which wc 
live. Woman, consciously or unconsciously has recorded l»istory in her dress. 
After the French revolution women’s dress retlcictcd in its gaitU the determined 
efforts made to forget the horrors of that period. On the same lines the lecturer 
reviewed dress fashions, illustrated by slides, since the Napoleonic wars, giving 
instances of the fabrics utilised and brief descriptions of their characteristics. 
Reference was made to the changes due to the introduction of the bicycle and the 
motor car and to the demands that an active, sport-lo\ ing mode of life crcatecl. 
Light materials were a necessity; warmth being secured by fur (»\l reoats and 
wraps. Discussing the introduction of fashions, Mr. Chapman assigned due 
consideration to the claim f hat Paris fashions were not always acceptable in this 
country and that sometimes Paris followed us. The court influence was referred 
to, but in the opinion of the lecturer the stage was the leader in fashion. In his 
opinion also a manufacturer could, at best, only introduce a fabric which would 
fit in with the prevailing mode. He next made reference to the difficulties faced 
by the manufacturer in trying to anticipate demands in style and colour, in 
trying to avoid o\ er stocking, and in the employment of his plant to full advantage. 
He also pointed to the recurrence after a period of years ol old style fabrics. Slubs 
knops, and knicker effects popular m 1884, and 1905 were now in fashion again. 
There were undoubtedly cycles in design too. In conclusion the lecturer referred 
to the requirements of the men. Changes were few and not very wide in range at 
any time. A plea was made for men to pay more attention to their general 
appearance as regards clothing. 

The lecturer was accorded a hearty vote of thanks for this interesting lecture. 


FEDERATION OF TEXTILE SOCIETIES AND KINDRED 
ORGANISATIONS 
Annual Meeting at Nelson and Burnley 

The annual meeting and conference of above-named Federation took place 
at Nelson and Burnley on Saturday, 2nd May 1931, when about 76 delegates 
attended from societies in Lancashire, Yorkshire, and the Midlands. The 
meetings were held by invitation on the part of Nelson Textile Society, Burnley 
and District Managers' Association, and Burnley Textile Society. The textile 
departments of the municipal training institutions in both towns were visited 
and inspected. 

The following is a list of names of delegates who signed the attendance record — 
Accrington Managers' Mutual Association — J. J. Hartley, John Sutcliffe; 
Ashton-under-L3me Mill Managers' Association— J. Burgess; Batley Textile 
Society — J. B. Sugden, N. Collinson; Blackburn and District Managers' Associa- 
tion — ^F. Briggs; Blackburn Textile Society — L. Haworth, W. B. Livesey; Bolton 
and District Managers', Carders', and Overlookers' Association — ^£. E. Richards, 
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J. Holt; Bradford Textile Society — Bitins, E. M. Roberts. W. Hustwick; 
British Association of Managers of Textile Works— H. Nisbet; Barnley and 
District Managers’ Association — E. C. Parker, E. Hird, R. G. Hodgson, A. Smith, 
J. Midgley, R. Bird; Burnley Textile Society — John H. Riley, A. H. Crowther, 
J. W. Thornber, E. Holden, G. L. Jackson, W. Munn Rankin; Bury and District 
Textile Society — J. Thomason, H. Harlow; Halifax 1 extile Society — H. Green- 
wood; llaslingden District Textile Society — H. Hawc^rth, N. King; Huddersfield 
Textile Society — J. 11. Redfearu, H. Holroyd; Leicester Textile Society — 
W. Duninore, C. S. Lacey; Leigh 'iextile Society — J. W. liinier, J. llindley, 
R. Ratcliffe; Manchester College of Technology Textile Society — J, Schofield, 
J. A. Kirby; Manchester Athenaeum I'extile Society — W. N. Wallis, G. H. Carter; 
National Federation of Textile Works Managers’ Associations — S. Langshaw; 
Nelson 'Fextile Society — J. Starkie, A. S. Parker, C Elliott, W. P. Richmond, 
F. Halstead, J. Rawson; Oldham Managers’, Carders’, and Overlookers’ Associa- 
tion — H. E. Dawson; Oldham Technical Association — W. 11. Slater, G. H. 
Thompson; Rochdale Cotton Spinning Mutual Improvement Society — J. 11. 
'fownson, J. W. Wolstenholme; Rochdale Textile Society — F. Coop, J. H. Lord, 
J. W. Pickering; Shipley Textile Society — Norman C. Gee, Li. Jones; Textile 
Teachers’ Association (Liincashire) — S. Watson; L'xtile Institute (Yorkshire 
Section) — A. Saville; Todmorden Textile Society — J. A. Scholeheld, A. Fielden, 
B. Walton; Committee of Management — K. Entwistle; rcxiiU Weekly — S. G. 
Shaw; Hon. Auditor — W. Kershaw. 

Assembly at Nelson — Luncheon was served at the^Nelson^Hotel, when the 
Mayor of Nelson (Aid. Richard Winterbottom) welcomed the delegates, and said 
that when he realised the vast area which the various societies eovcre<l h^* conUl 
have no doubt of the benefits to be derived from being ledciated together. 
Nelson had perhaps weathered the depression storm belter than many cotton 
centres, for it was mostly concerned with the fancy trade. The textile school 
had certainly made valuable contributions to the local industry. Aid. J. H. S. 
Aitken, C.C., J.P., Chairman of the Education Committee, welcomed the dele- 
gates and said the Federation ought to be of the greatest importance in strength- 
ening the connection between technical education and the mdustry. The various 
societies might be most helpful by way of representation on local advisory 
committees in relation to technical training. Aid. Luke Thornber also spoke and 
said that after a long connection with technical school affairs he was more con- 
vinced than ever that in no sense should a technical school be regarded as a 
trade school. They did not exist for the teacliing of particular trades but for the 
training of students so that they would be able to tackle their job intelligently in 
the branch they entered. 

Mr. CoUinsoii, as Chairman of the Federation, acknowledged the welcome and, 
later, Mr. Saville warmly thanked the respectiv e societies for their kind hospit- 
ality. 

Visit to Burnley — ^'fhe party proceeded by special tramcar to Burnley, where 
I he annual meeting took place at the Technical College, llie Mayor of Burnley 
(Aid. Nuttall, J.P.) attended and offered a hearty welcome to the visitors. The 
Federation movement, he thought, was bound to prove useful both to the in- 
dividual organisations and to the industry as a whole. 

Mr. Norman Cx>lUnsoii (Batley), as Chairman, thanked the Mayor and then 
opened the annual meeting. He had occupied the chair for one year and would 
retire with pleasant recollections of bis experiences. 

Election of President — Mr. E. M. Roberts (Bradford) moved that for the future 
the Chairman be elected as the President and that the Committee of Management 
elect its Chairman from its own members. He proposed the election of Mr. 
J. W. Wolstenholme (Rochdale Cotton Spinning Mutual Improvement Society) 
as President. The motion was seconded and carried unanimously. 
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In accepting the presidency, Mr. Wolstcnholmc said he hopctl they would tind 
him a sincere worker. The delegali\s appeared to represent a \ ast and di\'cr.se 
experience and their mission seemed to l)c that ol co-operation in regard th theory 
and practice. The industry generally was passing through a critical time and they 
must he prepared to try nev^ methods. Change was inexitable, and it was 
sur^irising how much change had taken place in relation to cotton spinning in 
recent years. He was pleased indeed to accept the* honour conlerrcd upon him 
hy his election as President. 

Annual Report — The annual rc'port ol the Committee of Managemeuit was 
presented and iwlopted as follow s-^ 

At jist December last, tlieie were 35 oigaiiisatioiis 111 incmberslii]) of ilie hedeiaLion, 
as compared with 34 at the end of lyjo Shipley I'extile Society has recently joineil, 
bringing tlie total to 30. It is lepoiteil that a scKietv is m louisi* <*f foiination at Belfast 
and adiliation is anticipated The whoh* moxeineiit continues U prt^ad and as thi‘ 
h'ederation eMSts foi mutual assislaiiet', the C oinnnttoe of Mauageimul lealises that its 
foiinatioii in 11127 following a s<‘rKs i)f meetings piomoted for the puipose In the 'IVxlih' 
Institute, has already pioved highly beneficial to all concerned Annual ineetings and 
LonfcTeiices have taken place at LeicesttT, Batle}, Rochdale, and now at Nelson and 
Burnley, and th<‘ Committee lecoids its best thanks to the organisations w'hich liaie 
united the delegates and undeitaken rcsponsibilitx foi tlu ( cmfcrence piogiamnu.* and 
also liospitality. The decision wlieiebj' the annual meeting is nun able has Uith 

intiTisting ami jiroiitabJe to all Lonceiiied Jhcendeavoui to si^cuic* tliai papers cuii- 
tiilnited siiall largel) relor to tlie special leatures of the textile industij of the disUicts 
visited has resulted 111 the ]>roMsion of most instimlive reionls in this loniiection 
The ('ommittee lias mot twice during 1030 ami tluai' has been one general meeting in 
referem e to arrangement of lectuie syllalnisis 'I he latlei meeting em]>Jiasised the 
impoilam e of societies so( iinng the sci vices of xoung men foi tJK‘ conti ilmtion oi papers 
\s to finance, it is giatifyiiig to be .ibli' to lecoid that, under conditions of inen‘l\ nominal 
annual subscription, the organisation exfiensts are adtcpialeh met. 'Jlie credit balance 
at ^ist December i<i30 was /<) odd as against odd at the end ol the precious \ear 
'riie Committee lias pleasurt* in lecording its best thanks to the 'Jextile Institute lor 
iiK'eting-room accommodation and secretarial s<'r\n e 

Election of Committee — 'Phe Committee ol Management was re-elected with 
the I'xception that Mr. B. Holden (Hiirnle\) and N. Collinson (Jiatley) take the 
places of Me.ssrs. W. Kershavs (Maiuhester) and (T W. Haigh (Halifax); Lanca- 
shire — F. Briggs (Blackburn), Jt. Holden (Burnley), J. Burgess (Asliton), K. 
Eiilwislc (Accrington); Yorkshire - K. M. Roberts (I'radtord), N. Collinson 
(Hatley), II. Holroyd (Uudclerslicld); l>ekc'stershire— W’. O'BricMi (J.eiccster); 
'I'extilc Institute representatives — H. Nisbet (Mam best ct), A. ShmHc (Bradlorfl); 
the lion. Sccrctary-'J'reasuicr (Mr. J. D. Athey) and the Hon. Auditor (Mr. W. 
Kershaw) were rc-electcd and thanked lor their services. 

1932 Annual Mecting—'X\\e Secretary reported invitations tor next \v,i\' 
annual gathering, and it was dciideil to accept Hie invitation ol Bnullord 'lex tile 
Society — for first Saturday in May such other date as the C unimittce 

might arrange. 

Conference — conference followed when papers were contributed by Mr. 
J. W. Pennington. F.T.J., on “The Technical Side of the Local lextilc Industry, ’’ 
and by Sir Amos Nelson on “The Cotton Industry and its Futur(\“ ‘ Mr. Pen- 
nington made some interesting ref(Tcnccs to recent changes as a result of the 
cotton trade depression. In 1925 there were 130 firms in the Jiuriiley area 
operating approximately 108,000 looms, and by 19^9 ^he figures w(*rc reduced to 
1 J 2 and 90,000 respectively. It was comput('d that iif) to the pre.'^ent time 30,000 
looms had gone out of action. Probably 75% of the looms withdrawn luad been 
scrapped and the remainder sent abroad or sold tor home use. The bulk of the 
fabrics produced were of standard, mass-production type, and not many years 
ago it was not uncommon to find many large firm^ whose tMitire production was 
limited to three or four kinds of fabric, 'flie her viu ss of competition, however, 
had brought about marked change in this respect, in one case, that of a fairly 
large mill, the variety had extended to nearly a hundred kinds. The percentage 
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of efficiency was astonishingly high in mills possessed of comparatively old 
machinery. Considerable reorganisation and re-e<^uipment on modern lines was 
probably desirable, but the automatic loom alone would not solve the problem, 
in order to take full advantage oi automatic l(K>ins, it was necessary to install 
modem systems of high-draft rmg spinning, place yarn direct on to the automatic- 
loom pirn, and cut out intermediate processes. In that distnet, spinning and 
weaving units were detached, and the gap would ha\e to l)e bridged before there 
could be much hope lor successful automatic-loom weaving on standard cloths. 

Sir Amos Nelson plcjwled for a better outlook on the part of all concerned in 
the industry. 

Votes of thanks terminated the proceedings. 


NOTES AND NOTICES 

Council Meeting 

A fairly good attendance was secured for the June meeting ol the Council of 
the Institute at Manchester. As the meeting was the tirst to l>c held subsequent 
to the Annual General Meeting of the current year, unusual interest attached to 
the proceedings by reason of the inclusion on the agenda of election of ('hairman, 
other officers, and members of the various Committees. Mr. Henry Binns, ol 
Bradford, who for many years past has contributed most generous service in 
connection with several Committees, including in particular the Selection Com- 
mittee, was unanimously elected Chairman for the ensuing year, whilst Mr. Frank 
Wright, of Bolton, was elected Vice-Chairman. On acceptance of election, Mr. 
Binns said he appreciated greatly the opportunity which the otfice provided tor 
service to the Institute. Mr. Nasmith hacl performed excellent work over the past 
two years, and it was pleasing to know that he intended to remain in close associa- 
tion writh the whole movement which the Institute represented. 1'hc meeting 
elected Mr. Nasmith as Hon. Secretary, an office held for many years by Mr. W. 
Frost, who now desired relief from the office liut accepted continuance of service 
in other directions. Mr. Frost was most heartily thanked tor his jiast services, 
and Mr. W. W. L. Lishman was then re-electcd I'reasurcr. The Chairman ex- 
tended a cordial welcome to newly-elected members of Council in attendance — 
Messrs. H. C. Barnes, A. W. Stevenson, j. H. Strong, T. Woodhouse, and 
F. Wright. In regard to the appointment of Committees, it was decided that the 
Propaganda Committee be withdrawn and that the Finance Committee take over 
the work as the Finance and General Purposes Committee. 

Federation of Textile Societies and Kindred Organisations 

A meeting in reference to arrangement of lecture syllabuses was held at the 
Institute, at Manchester on Saturday, 6th June, when delegates were in attendance 
representing 20 textile societies in Lancashire and Yorkshire. The recently- 
elected President ol the Federation, Mr. J. W. Wolstenholme, of Rochdale, 
occupied the chair and he congratulated the delegates on meeting together for 
the purpose of exchanging information and discussing matters ol mutual interest 
to the benefit of all concerned in the movement. It was announced that the 
Bradford Textile Society had confirmed the invitation to the I'cderation to hold 
its next Annual Meeting and Conference at Bradford. Although a date for the 
event had be^n suggested, the Bradford Society were quite agreeable that the 
date might be considereil by the Committee of Management of the Federation. 
At a meeting of this Committee, when Mr. J . A. Burgess, of Ashton-iinder-Lyne, 
was elected Chairman for the ensuing year, it was agreed to confirm the date oi 
7th May (Saturday) 1932, subject to the convenience of the inviting Society. 
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]t was reported that there arc now 36 organisation in membership of the Fwlera- 
tion. The Committee received with profound regret the intimation ot the dcetli 
of Mr. Walter O’Brien, of Leicester, and ordered an expression of sorrow to be 
ajmmunicated to Mr. J. 1*. Stokes. A suggestum from Mr. Stokes that the 
Executive of the Leicester Society lumiinatc a successor Was accepted. 


Textile Institute Diplomas 

Elections to Fellowship have been completed as follows since the appearance 
of the previous list (April issue of this Journal)-^ 

FELLOWSHIPS 

CORLINGLEY, Hubert Brayshaw (Keighley). 

STEVENSON. Alexander Wight (Galashiels). 

Institute . Membership 

'I'he election of additional Members of the Institute at the monthly meetings 
of the Council has proceeded at a satisfactory rate during the first six months of 
the current year It is noteworthy, however, that effort in the direction of 
introduction of new^ members has been largely confined to a comparatively small 
group of existing members — memberb who, over many years, have persistently 
availed themselves of every opportunitv to advance the numerical strength of 
membership. In this connection, all members are cordially invited to co-operate 
in securing suitable new members. The General Secretary would be glad to for- 
ward copies of the Prospectus and Application Form to names and addresses 
provided by members of the Institute generally. M’hen a reijnest is made for an 
application form to be forwarded, how’ever, it is an advantage if the member 
making the request is able to state that he is prepared to act as proposer. 

At the May meeting of the Council, the following were elected to Membership 
of the Institute— H. C». Blytlcnstein, Blydenstein & Co., Enschede, Holland (in 
Spinning and Weaving Mill); Wm. Cunliffe, Wilson Bros. Bobbin ( o. Ltd., 
Garston, Liverpool (Managing Director, Tk>bbm and Shuttle Manufa('turcrs) ; 
S. B. Dalai, Khamasa Chakala, Ahmedabad, India (Spinning Master); A. Edge, 
1 (▼. Dyestuffs Ltd., ('romford House, Cromford Court, Manchester (Director); 
J. Cireen, 24 Newton Road, I-owton, Lancs. (Retired Mill Manager); K. Green, 
24 Newton Road, Lowton, Lancs. (Apprentice in Loom and Dobby Works); 
(L Herd, 6 Sedberg Street, Preston (Powerloom ( )verk)()kei); J . Jung, Jaegemdorf, 
Silesia, Czechoslovakia (Professor ot 'I'extiles); D. ].aidlaw, f» T.aidlaw^ Terrace, 
Hawick, Scotland (Departmental Charge, Hosier).’^ J'actory), W. A. G. MacLean, 
Mill House, Cheadle, Stoke-on-Trent (Manager, Rope Factory); H. S. Newsome, 
F. S. Coles & Sons, 45a Jewin Street, T.ondon. E.C.i (London Representative of 
'I'extile Manufacturers); R. H. Puftette, 54 Myrtle Avenue. Bingley (i'inishmg 
Department Manager); J. T. Wright. Trow Mill House, Hawick.‘ Scotland 
(Manager, Spinning and Weaving Mills). 

At the June meeting of the C ouncil, the following were elected to Membership 
of the Institute— E. Braiier, Vereinigte Glanzstoff-l^abriken A.-C;., Kelsterbach 
(Managing Director); J. tlittord, Sandhurst. 5 Arlington Avenue, Blackpool 
(Consulting Chemist); R. O. Hall, Ontario Research Foundation, 47 Queen’s 
Park Toronto 5, Canada (Research Chemist, Textiles Department); J. Mortimer, 
12 Aireville Grange. Frizinghall, Bradford (Dress Go^ls Designer); S. M. Neale. 
College of Technology, Manchester (I^turer in Clumistry of Cellulose); D. McL, 
V. Turnbull, 7 Buccleuch Place, Hawick, Scotland (Asst. Manager, Cleaners, 
Dyers, and Hosiery Finishers); CL A. Warman, 244 Archway Road, Hifehgate, 
London, N.6 (Warehouseman). 
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Aittimiii Season Colour Card. Issued by the British O>lour Council, Ix)ndon. 
This attractively produced pattern card may become a real asset to the retailers 
and producers of textiles as well as to the dye manufacturers, who can obtain 
from it information enabling them to match the standard season's shades before- 
hand. This aspect of the Council's production should not be lost sight of as any 
reduction of the multitudinous matching of shades which occurs in every dye- 
works during an average season cannot fail to do its bit towards helping the 
inevitable trade revival. The stumbling block which the ('olour Council will 
presumably do their utmost to remove, and which with adc(|uate support from 
their constituent members should not be a great difficulty, is the inherent con- 
servatism of the textile trades, which insist on going along their independent 
paths, without any regard for organised effort. If a retailor will order his shades 
i)y the card, dyers, printers, and dyemakers can all produce their best work by 
reason of adequate time being given to them for standardising and testing the 
colour mixtures uece.ssary for the purpose. The card itself is hound in a rather 
too delicate tint which will .soon lot>k soiled and untidy with handling: .some 
other form of back might be substituted with advantage. J.H.S.C. 

Le Tittage de la Soia Aitifidialle. By Paul laic. Published by “L'Edition 
Textile,” Paris. (2 Vols., 385 and 573 pp.. 150 I'rs.). 

These two volumes form a treatise on the manufacture and uses of artificial .silk. 
A short history of the development of artificial silk is followed by records of 
production to the end of 1929 in various countries, and a list of firms formed to 
make artificial silk up to 1930 in the different countries. A description is given 
of the machinery and methods employed in the manufacture of artificial silk 
from viscose with short references to methods of producing strong viscose silk, 
'flu* second part of the first volume deals with artificial fibres in general. The 
tliird part gives tlu* ciiaracteristics of the various kinds of artificial silk. Physical 
and chemicid methods are described for the dittorentiation of the various kinds 
of artificial silk, including the use of ultra-violet light. Simple methods for 
cutting section.s of artificial silk are given with various diagrams and photograjihs 
showing the cross section of various kinds. Methods of measuring the denier are 
given, together with numerous tables, showing the various systems of counting 
yarns. The titration method of mer.suring denier is included. The various 
methods of measuring turns per inch, strength, and ehcsticit} of artificial sdks 
are dealt with and tables are given for stren^rih and elasticity of many forms ol 
artiiicial silk. ()]itical and dynamical methods of measuring the regularity of 
threads arc fully described, also methods of measuring lu.stre. The fourth part 
deals with methods of measuring humidity, whilst the fifth part gives a fairly 
complete bibliography of natural and artificial silk. The first volume ends with 
tables of weights and measures, thermometric scales, densities, etc., and an 
index. The first part deals with machinery and methods of sizing in hank, from 
liobbiii to bobbin, in warp and other methods w’ith various data concerning 
the various kinds of sizing materials suitable for artificial silk. The second part 
deals with the employment of iirtificial silk as weft, and describes various methods 
and machinery for winding artificial silk on bobbins and directly on pirns. Dia- 
grams are given explaining how knots *ire to be tieil and also how various knotting 
machines operate. The third part deals with the employment of artificial .silk 
as warp, and describes various methods and machinery for warping and for 
processes relating to it. The fourth part deals with the weaving of artificial silk 
and describes various forms of loom and numerous types of fabric made from 
iirtificial silk. The fifth part deals with faults in artificial silk fabrics, brilliant 
threads in warp and weft, barriness in plain and in dyed fabrics. Calculations 
relating to the employment of artificial silk in fabrics are given, also methods of 
washing and of dry-cleaning artificial silk fabrics. A list of makers of plant used 
in weaving artificial silk is given. This volume finishes with a useful index. 
The two volumes should be very useful to those interested m the use of artificial 
silk, particularly for weaving. W.H. 
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PROCEEDINGS 

AN OBSERVATION ON THE COMPARATIVE RESISTANCE 
OF DRY AND OILED WOOLS TO ATTACK BY DERMESTID/E 

By II. Clay ION H\ttiLKV, A.T.I. 

(late Dept, of Technical Education, ('airo, Hg\pl) 

INTRODUCTION 

Animal fibre.s are particularly liable to attack by Dcrmcstidae, and in Egypt 
the ravages of tliis pest have caused serious conceni to the authorities from time 
to time. The various Government administrations find great difficult) in storing 
(piantitics of material composed wholly, or in part, of animal fibre, and constant 
supervision is essential if the stocks arc to be kept even reasonably free from 
attack by the popularly termed “woolly bear." The usual precautions taken, 
namely, periodical exposure to light and air and a liberal application of flake 
naphthalene, arc fairly successful if freiiuently and thoroughly carried out, but 
arc by no means absolutely reliable Particular anxiety was caused to one 
administration by the fact that large stocks of wool yarn were constantly carried 
in store in various parts of the country for the manufacture of hand- tufted carpets 
and rugs. These yarns were hand spun from native wool, and, as the latter 
contained only a small percentage of natural fat, it was unscoured except for 
a cold water scour of the entire fleece after shearing to remove sand and dust. 
The stocks of this yarn suffered considerable deterioration from time to time, 
largely due to the depredations of w^oolly bear grubs, A nihrenus fasciatus being 
the common variety. Subsequently, a mcxlern worsted spinning plant was 
installed for the ])ro(luction of carpet yams on the Bradford system, the wool 
being scoured and combed in oil. The stocks of yarns now increased enormously, 
with a corresponding increase of anxiety on the part of those responsible for 
their custodv. 

OBSERVATION 

Samples of various materials were kept in the writer’s office in Cairo in the 
ordinary course of events. These were kept in drawers in a warm dr)'^ room, 
and thus conditions were favourable to attack by woolly bear, and from time to 
time the contents of these drawers had to be destroyed owing to damage from 
these pests. When samples from the new worsted plant began to materialise 
it was noted, after a while, that whereas samples of raw wool, old hand-spun yarn 
and scoured wool, frequently had to be renewed, those of tops, noils, rovings 
and yarn appeared to be untouched. This suggested that the presence of oil 
added to these samples might be the reason for their immunity from attack, 
and the following tests were, therefore, made to confirm this theory. 

EXPERIMENTAL 

Samples of wc^ol, yarns, etc., were collected, as follows — 

Sheet i — Sample ... Raw greasy wool. 

Sample “B” ... Scoured wool. 

Sample “C" ... Top in oil. 

All the samples were approximately the same size. 


B 
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Sheet 2 — Sample **D” 
Sample 
Sample 
Sample 
Sample 


Hand-spun yarn from raw greasy wool. 
Hand-spun yam from raw greasy wool. 
Machine-spun yam in oil. 

Machine-spun yam m oil. 

Machine-spun yam in oil. 


All the samples were approximately the same size and were composed of 
wools of varying natural colours. 


Sheet 3 — SampU “ 7 “ ••• Specimen of hand-made carpet. The pile- 

yarn IS hand spun from raw greasy wool. 

Sample "A”* ... Specimen of hand-made carpet The pile- 

yarn IS mathine spun in oil. 


In both specimens the ground structure of the carpet is cotton. 



Plat It 1 

Sample 

Raw Clreasy Wool . . \lmost totally destioycd 

Sample 

Scoured Wool ... ... ... . , liadly damaged 

Sample “C” 

Top m Oil ... ... ... ... I’ntoiichcd by Deimtstida 


'Phese represented wool in the natural greasy condition, clean wool, and wool 
with added oil in various stages of manufacture hand or mechanical means. 
These sheets were placed in a box with a well-fitting lid to exclude light and air, 
ami some thirty specimens of “woolly bear” were placed on the samples of wool 
fibres w'lth added oil, in order to .see if these would be attacked. 'Phe box was 
then placed in a warm dry cupboard, and left for several w^eeks. On examination 
at the end of this penud it was found that the samples were in the stated 
conditions, the extent of the damage being clearly revealed in the photographs. 
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CONCLUSIONS 

From the result of these experiments it is evident that whilst the natural oil 
or grease present on the wool fibre is not a deterrent to attav k by ^^oo\\^ licar, 
added oil as used in spinning does effectively protect the fibre against damage 
by this pest Thus raw i\ool scoured ivool and hand spun yarn made from 
either of these requires constant supervision to protect it from damage, whereas 
machine spun yam stored in the grease is perfectly safe It naturally follows 
therefore that yarns spun in oil on the Bradford system provided that they are 
stored in an unscoured state are much more satisfactory m countnes where 
DermestidcC arc a serious problem than yarns dry sjiuii on the I rcnch or Con- 
tinental system Ihc presence of oil 111 the formtr makes storage of the varns 
perfectly safe whereas the latter art likely to sullcr senous and costly damage 
It IS ilso thought that this added oil acts as a protection igainst moth but cir 
cuinst inces prevented the confirm ition ol this belief b\ dcfiniH e\p(rimcnt 
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Sample “D” 

U md spun \ iin tioiii Riw (iit isy 
Wool 

Sample “E” 

Hand spun \ iin liom K iw ( ieis> 
Wool 

Sample “F” 

Machine spun \ irn in Oil 

Sample “G” 

Mdchini spun \am in Oil 

Sample “H” 

Machine spun 'S am in Oil 


Totally distnvid I he cffict hen i 
very marked only i lew wool libics 
being kit 

C( nsidci iblv d im igcd 

1 ntomhed by Dornicstidi 
I n touche 1 by 1 )ei mestid i 


I niouched by Demit stidi 
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Sample 

Specimen of Hand- made Carpet. The 
Pile Yarn is Hand-spun from Raw 
Greasy Wool 


Sample 

Specimen of Hand-made Caqiet The 
l^le Yam is Machine-spun in Oil 


The Wool Ihle is considerably damaged 
In the ccntie the pilcis totally destroyed, 
revealing the cotton ground structure. 
The complete destruction of the entire* 
pile IS metely a question of time 

The Wool Pile in this is untouched by 
Dermcstidac. 


Subsequent experiences, however, ol the storage of large quantities of wool yarn 
in oil confirmed these conclusions. No difliculty was experienced in avoiding 
loss or damage from attack by these pests provided that the yarns were stored 
in oil, and scoured as and when required lor use. 

Acknowledgments are expressed to Mr. A. Land, A.T.I., of Bradford, who 
photographed the specimens. 


London Section 

Meeting held at the Institute Rooms at 104 Niwgate Street ^ London, on Wednesday, 
iHth January lo^i, Mr. L J. Mills in tin chair 

FURNISHING FABRICS 

This lecture was delivered by Mr. H. Woodman, of Messrs. Warner & Sons, 
taking the place of the late Mr. E. B. Fry, who was prevented from lecturing by 
the death of his only son. 

The lecturer indicated that the present-day demands were continuously for 
something new — new designs, new colourings, and new textures all were con- 
stantly being sought. Cheapness was being secured by the substitution of cotton 
and rayon for real silk, but there were limits beyond which it was unwise and 
uneconomical to go. Nevertheless there was yet a real demand for really first- 
class fabrics. An example of such a fabric was shown. Mr. Woodman desenbed, 
and illustrated by means of slides, the processes followed in the production of 
furnishing fabrics from the yam to the finished goods. Special reference was 
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made to the manufacture of pile fabrics. Slides >\ere shown of “period" fabrics, 
from the early Italian to modem designs. 

The lecturer was accorded a hearty vote of thanks not only for his excellent 
lecture, but for his kindness in stepping into a breach at such short notice. 

Meeting at the Institute PoomSy 104 Newgate Street, Pondon, on Wednesday, 
i^th February 1031; Mr. John Howard presiding. 

COTTON SPINNING PROCESSES 

Before asking the lecturer, Mr. T^. ]. Mills, to commence his address, the 
Chairman referred to the great loss the Institute had sustained by the death of 
Mr. E. B. Fry (Fellow). The meeting resolved to convey to Mrs. Fry its sincere 
sympathy with her in her bereavement. 

Mr. Mills delivered “a bird’s-eye view of the processes ol spinning and weaving 
cotton.” He dealt briefly with the history of cotton, the structure of the cotton 
hair and its spinning properties, and made reference to the various aspects of 
Empire cotton growing. A resume of spinning processes followed and slitles in 
illustration were shown. Automatic -looms and the necessary’ yarn preparation 
to make their use a success were discussed, reference being made to successful 
advances in winding. Some reJerence was made to the relative merits of ring 
and mule spun yarn, each having specific advantages and disadvantages. Follow- 
ing the lecture, ijuestions were asked relating to the incidence of ring-spinning in 
this country and on the ('ontinent, and to the financial considerations involved. 
The lecturer was asked tt) consider continuing anrl expanding this lecture into 
a series, and to make one of the series a talk on “^’am Preparation." He kindly 
consented to do so, and a hearty^ vote of thanks terminated the meeting. 

Meeting at the liarratt Street 7 rode Schools, London, on Thursday, 12th March T031; 
Mr. W. C. Luton, Hoard of Eduiation, presiding. 

“SALESMANSHIP” 

The Chairman, introducing Sir Francis Goodenough, the lecturer, said that as 
Chairman of the Government Committee on Ivdiication foi Salesmanship, Sir 
F'rancis had maile the subject p(»culiarly his own and his name m connection 
with this subject was a household word. He doubted if any committee of recent 
times had aroused such general interest. He thought the jxisition in regard to 
education for commerce could be put briefly thus — ^'I he held was for the first time 
being explored and surveyed by the committee to which he had referred and of 
which Sir Francis was chairman. The report of that committee was being eagerly 
awaited. F'rom that report could be determined what dev elopment of the existing 
provisions was recjuired. He urged that in the face of intensified foreign com- 
petition we could not allow our training schemes for salesmanship to lag behind 
those of our competitors. It should be our aim to get ahead of them in this 
direction as in all others. He had the greatest pleasure in calling on Sir hrancis 
Goodenough to address the meeting. 

Sir Francis said that he wished to talk particularly on the principles of sales- 
manship, or rather the principles of commerce, for after all salesmanship was 
the very heart of commerce. The best brains in every commercial iinderfaking 
should be concerned with securing business for the firm- in other words, in 
salesmanship. The old slogan, “Business is business," with its implication of 
a diftcrent code of honour for business from that of everyday life, was now agreed 
to be wrong; business was coming to be recognised as service for mutual profit. 
He urged the adoption of the motto “Sc*rvicc First" for business conduct; its 
adoption would ensure the right mental attitude t^'wards the customer who was 
the most important person in business. Tlie customer must be regarded as the 
employer, since from him came the money' to pay salaries, rent, materials, and 
dividends. Sir Francis then went on to say that having secured the right attftude 
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towards the customer, the next and natural step was to study his needs, habits, 
and circumstances in every possible way. Your aim should be to secure the 
lasting satisfaction and growing confidence of your customer, since then, and 
then only, would the customer come back with repeat orders. Your word must 
be equal to your bond, and your performance equal to or better than either, in 
quality, quantity, and time of delivery. He strongly emphasised the value of 
performing faithfully what had been promised, and illustrated his point with 
instances from the conduct of the Gas light and Coke C^ompany, with which he 
was connected. Defining some of the definite laws in business. Sir Francis said 
that the first was that customers gravitated towards the form that paid most 
attention to their needs and wishes. 1‘he next was, perhaps, that every com- 
plaint was to be treated with the greatest seriousness and attention; such com- 
plaints were at the outset always justified in the customer's mind. C'ustomers 
who did not complain but kept them in reserve, or, worse still, discussed them 
with their neighbours but not with the firm concerned, were difficult to please 
subsequently, and perhaps impossible to retain. He insisted, too, on complaints 
being dealt with personally as far as possible; correspondence was far from being 
satisfactory in this connection. Furthermore, he urged if you found a complaint 
was justified, remedy it quickly and liberally. Next, the lecturer discussed sales 
personality; what were the <iualities called for in the salesman, and how could 
education help to produce or train these (lualitics ? The first such ciuality was 
good character; the next good personality, the capacity for making friends. 
In this connection a good general education could broaden the mind and 
widen the interests so that it proved easy to make contact with the interests 
of the cu.stomer. He gave an illustration of the value of being able to interest 
yourself in the hobbies of your customer, from his piTsonal experience. Next 
to character and personality, said the lecturer, (ame knowledge*— a thorough 
knowledge of your busines and of what you had to sell. Then followed the most 
difficult part; having character, personality, and knowledge, there followed 
application, and this was the aspect of salesmanship in which there was, as 
yet, little of guidance available. ICvery industry would have to make its cjwn 
study in this direction and make it a.s soon as possible and as earnestly as possible. 
Though he did not think everyone could be made into a good salesman by training 
and education, there was no doubt that much could be done. More than ever 
to-rlay we needed good salesmen and good salesmanship. The question of 
salesmanship was, in the lecturer’s opinion, the most important question ot the 
day to manufacturers and merchants. We could not regain lost markets nor 
retain those we had if we lagged behind our competitors in this direction. He 
believed, however, that we should not fail but should ultimately achieve success — 
though he uttered the warning that optimism was not to say, “We shall bo all 
right,” but “1 will make it all right.” 

After a short discussion, in which Sir Francis made it clear that salesmanship 
meant, firstly, the design and production of goods that would sell, a hearty vote 
of thanks was accorded to the lecturer, who briefly responded. 

NOTES AND NOTICES 

Institute Employment Register 

The following are summaries of particulars registered by individuals seeki. g 
employment. Full particulars may be obtained by application to the General 
Secretary — 

No. 58 — Toxtile machine erector seeks engagement as overlooker and would 
accept part-time teaching. Mill experience at home .and abroad- — 
Rings, speeds, drawing. Honours in spinning. Age 37. 

No. 59— Post desired as manager, assistant manager, or preparation manai 

or supervisor in mill using cotton, silk, and rayon yams. Age 6. 
Technical qualifications and experience. 



Inquiries 


P131 


Textile Institute Diplomas 

Elections to Associateship have been completed since the appearance of the 
previous list (July issue of this Journal) — 

ASSOCIATESHIPS 

HARK ISON, John Harold (Preston). 

STO'IT, George Selwyn (Keighley). 

PRPCK, Henry (Nottingham). 

GRTh'h'IN, Arthur James (Nottingham). 

JOHNSTON, Ebenezer Young (Alva, Scotland). 

HOOTHMAN, Thomas Beresford (Oldham). 

WALKER, Warren (Matlock Hath). 

MORRIS, Leonard (Bolton). 

WATJ\KR, Thomas Wood (Oldham). 

WRIGHT, Chailes James, (Paisley). 

HLNKKRLEY, i^'rank (Oldham). 

EOULKES, Thomas Frederick (Manchester). 

HEAI'ON, Norman (Keighley). 

CROMPTON, Ricluird (Bolton). 

DPXHPRY. Henry (Bolton). 


Institute Membership 

At the July meeting of the Council, the following were elected to Membership 
of the Institute -Win. Cowpt*, Shelling Hill, Cullybacky, C'o. Antrim, Ireland 
(Chemist); H. Goodall, Sterling Silks Ltd., Shcarbridge Mills, Great Horton 
Road, Bradford, ^'ork^., (Managing Director); A. B. Johnstone, Glenroi, Blantyro 
Road. Swiiiton, Mfinchester (Departmental Manager's Assistant); A. Jones, 
Elliott Street, Sils<len, near Keighley (Textile Designer); D. Kwok, 55 Markham 
Road, Shanghai, China (Assivstant Manager, Textile Manufacturers); N. S. Pearse, 
General Secretary, International Federation of Master Cotton Spinners' and 
Manufacturers’ Ass(x:iations, 238 Royal F-xchangt, Manchester; D. B. Svkes, 
c/o Robert Jowitt & Sons Jdd., P.() 153 Durban, South Africa (Director); 
R. Wilson, Armitage & l^gby, C'oekhedge Mills, Warrington (Trainee Manager). 


INQUIRIES 

The Institute’s information resources are being called upon more and more 
frc(iuently, and it has recently been decided to publish certain inquiries with 
a two-fold object in view. In the first place it is felt that the interests of the 
inquirer are better served by so doing; while secondly, other members may 
simultaneously be benefited. The first such imiuiry to be published is from 
a member who asks— * 

1 . What are the results of any tests undertaken to determine 
the power taken to drive Ring Frame spindles on the tape 
system as against ordinary bands ? 

Members who can furnish infonnation in reply are asked to communicate 
with the Editor indicating whether their reply is confidential to the inquirer 
or whether it may be published in tliis Journal. 
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REVIEWS 

Tuifilti on Toot. By J. Guilfoyle Williams. Piibli.shed by Chapman & Hall 
Ltd., London, 1931. (181 pp. and Index, 7s. Gd. nett.) 

The sub-title of this book is “A Study for Distributor and Consumer of the 
Wearing and Washing Properties of Fabrics and Garments.” The author, who 
is a chemist responsible for the testing of textiles for a large London store, has 
brought together much information intended to aid the manulacturer, distributor, 
and consumer in judging the quality and serviceability of textile goods. 

General facts relating to ^e composition, preparation, and examination of 
fabrics occupy twenty-five pages. In this chapter simple tests are described for 
recognising the fibre or fibres, of which a material is composed and the meaning 
which should be attached to such terms as woollen, linen, and silk are discussed. 
Various manufacturing and finishing processes arc briefly outlined, chiefly from 
the point of view of their relation to the serviceability of the product. 

The next chapter (fifty pages), devoted to the behaviour of textiles in wear 
and wash, discusses such subjects as frictional wear, shrinkage, and the deteriora- 
tion of fibres under the action of light, mildew, perspiration, and other agencies. 
We give three quotations from this chapter which may illustrate the nature 
of the numerous subjects discussed — 

“In another case a rayon stockinette garment was returned with a number of 
small tears or cuts in the fabric. Investigation showed that if the falinc was irontd 
while damp with a cool iron and the toe of the iron prt'ssed siiddenly on the fabric, 
similar small tears or cuts were produced. Witfi a hot iron this damage could not 
be produced, for the rapid drying of the rayon K'stored it to normal strength, and it 
could then resist such a tn'atmer.t.” 

“A mackintosh is not porous, and so during wear tlien* is a layer of stagnant air 
retained inside. This air becomes heated by the warmth of the body, and humid 
owing to moisture breathed out by the skin and also from tlie water evaporated from 
the clothes (more especially if they had lx»comc slightly wed liefore the mackintosh 
was worn), in consequence it is quite obvious that on occasion water will condemse 
on the inner surface of a mackintosh owing to the cooling of the outer surface by wind 
and/or rain. It is equally clear that the customer is not unr(‘asonable m believing 
that water i.s jienetrating the proofing 'I'o prevent or minimise condensation a 
mackintosh should be loo.se fitting and also possess such other ventilation as is 
possible." 

"It is often stated that the process of rendering wool unshrinkable destroys the 
wearing properties, and, moreover, that the effect is not ])ermanent. The author 
has examin^ three wool, winter-weight, vests whiih were purchased in the autumn 
of 1024, and worh six months each year; the three vests had not shrunk or thickened 
in May 1930, that is after six years of service, but at the bottom of the back the 
fabric had worn somewhat thin. They had been washed at difterent times by many 
laundries and washerwomen, and some of the treatments were known to have been 
severe. They were still quite serviceable vests. This disjjoses (d both the state- 
ments quoted at the commencement of this paragraph " 

Thirty-four pages deal with "Colour in Wear and Wash,” and twenty -seven 
pages are devoted to washing, laundering, and dry-clcaning. The next chapter 
(twenty-four pages) is a discussion of "Complaints from Customers.” We give 
a typical quotation — 

"In the case of complaints against fabrics known to be satisfactory in normal 
use, hot -ironing effects may be suspected. Careful insiiection of the article will often 
give evidence when such damage has occurred. The shape of tlie iron may show, 
or more frequently it will be found that where two thicknesses of cloth overlap the 
protected portion is unaffected (.'are must be taken to ascertain that such colour- 
change is not due to sunlight fading. In a complaint the authoi investigated against 
"fadeless" casement, the actual cause of the fading was hot-ironing.” 

In the concluding chapter the author advocates the formation of a "Textile 
Distributor’s Research Association,” which should undertake "a deliberate study 
of the service value of textile fabrics in conditions of use” and serve the mutual 
interests of manufacturer, distributor, consumer, and laundcrer. 

A defect Vhich is almost inevitable in a book written from this viewpoint is 
that genera] statements are made on the .strength of particular instances, but if 
thi.s book is widely and thoroughly read by the staff of distributing houses and by 
the man in the street, it should do much towards ensuring that the consumer is 
supplied with articles which give satisfaction. One difficulty, however, must be 
faced, namely, that a decision as to whether an article is defective or has had 
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unfair treatment in use (or laundry) can in a very large number of cases only be 
reached after a very careful examination by an expert thoroughly trained in 
textile science, and then only if a properly equipped laboratory is available. 
Large textile distributors can clearly benefit by running a testing department 
under the control of a capable investigator, but smaller houses cannot bear this 
expense. It is not reasonable to expect that the heads of distributing firms, less 
still the ordinary salesnian, can make proper use of information such as is to be 
found in this book, although simpler complaints, such as misr(']>resentation of 
the composition of a material, or defective make-up, might often be adequately 
dealt with. In difficult cases a method which is often available for dealing with 
a customer’s complaint is for the distributor to refer it to the manufacturer, and 
for the latter to refer it to the ai)propriate Research Association. The difficulty 
that the manufacturer is often not a member of the Association (as is the case of 
foreign goods, particularly) would disappear it the distributor were to Ijccome 
a member of an Association having a working arrangeinert ’vjth the Textile 
Research Associations. 

As an example of a class of defect which it is often extremely difficult, and 
frequently imj^ossiblc, to trace to its source, we may iiieution the a])pearancc of 
holes in table linen and the like after it has b(‘en washed a number of times. 
This type of complaint can only be properly dealt with by the expert in the 
laboratory, and in many cases the only aspect that can be fairly given is that 
“we consider it imjiossiblc from an examination of the sample to form a definite 
opinion as to the cause of the damage.” Such a report may not be helpful but 
it is preferable to one which ascribes the damage to a definite cause on insufficient 
evidence. Such considerations indicate* the need for a body, or bodies, to which 
goods which have not given satisfaction may be submitted, but the writer feels 
that it would be more satisfactory to all concerned if the proposed Textile Dis- 
tributors’ Research Association referred those complaints which it considered 
were due to manufacturing faults to the Research Association of the appropriate 
textile industry. 

The book is well illustrated and is very fully indexed. Numerous useful 
references to the textile literature are given in footnotes and in an appendix. 

W.H.G. 

Technical Temis in the Textile Trade — A Dictionary of Yarns, Qothe, Makes, 

Weaves, and Terms, for Spinners, Manufacturers, Merchants, Diel^utore, 

etc. 15y Eber Midglcy, l^.T.!., Professor of Textile Industries, Technical 

('ollege, Hradford. Vol. T, Cloth Terms. Emmott & Co. Ltd., Manchester. 

(Crown 8vo., pp. 320, Pigs. 185. Price, 2 is. nett.). 

The compiling of a dictionary or glossary of technical terms as used in the textile 
industry is of such magnitude that any author who undertakes so formidable 
a task deserves the gratitude and appreciation of all who arc in any way con- 
cerned with the numerous products of that industry, whether as manufacturers, 
merchants, or consumers. Professor Midgley is to l)e congratulated on attempting 
to compile a dictionary comprising over 2,300 textile trade terms, “the definitions 
of which,” the author admits, “would have been impossible without the co-opera- 
tion of individuals closely connected with every branch of the textile industries.” 
This work is the culmination of a task which the author commenced twenty-six 
years ago (1905) as a contribution that was published under the title of “Standard- 
isation of Trade Terms,” and continued at intervals, extending from 19T4 to 1921, 
as a series of articles, appearing in The Textile Manufacturer, under the title of 
“Definition of Cloth Terms in the Bradford Trade.” 

The present volume is the first of two companion volumes whu'h the author 
believes to constitute “the first comprehensive cncyclopa;dia of its character to 
be prepared.” Volume I embraces Cloth Terms, and Volume 11, Terms Applied 
to Raw Materials, and those used in all the operations from the fibre to the 
finished cloth, and in the definitions of which the author says he has “spared 
no effort to secure authentic and full information.” Nor has he “confined himself 
to the production of a technical dictionary merely, but has taken the opportunity 
to deal more fully with terms descriptive of various fabrics. These terms have 
been amplified by the inclusion of details of the principles underlying cloth 
construction in general, whilst the particulars of the production of all types of 
cloths manufactured in the area of whicli Bradford forms the centre, are fully 
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described/' This feature of the work, in fact, is so very pronounced that its 
general utility will be restricted chiefly to the Bradford trade in particular, and 
the woollen and worsted industries generally, while the work is inherently and 
conspicuously weak both in the amount and character of the information con- 
veyed in the definitions relating specifically to the cotton and other branches of 
the textile industries. This, inde^, is the almost inevitable result of a specialist 
and recognised authority in his own particular branch of the textile industry 
attempting the virtually impossible task of defining the textile trade terms used 
in other branches of the industry with which he is less intimately conversant. 
And though this criticism in no wise is meant to cast any reflection (nor, indeed, 
does it in the very least reflect) upon the merit and authority of the work under 
review, it does, nevertheless, most certainly emphasise the fact — in the compiling 
of a work of this character, and in order to make it of general utility as the 
recognised standard authority possessing a legal status that will be respected and 
acknowledged by all branches of the textile industry— that it may be success! ully 
carried into eflecl only by the collaboration of textile experts in each one of 
the several branches of industry concerned. 

In fact, to-day, more than at any other period, there exists tlie need for a 
standard glossary of textile fabrics in particular, and ol textile trade terms in 
general. And this, notwithstanding the fact that during the past thirty years 
textile glossaries have In^en produced in abundance both in this country and in 
America, and are to be found in numerous treatises on textile subjects, in trade 
journals, textile year books, as well as textile glossaries, dictionaries, and en- 
cyclopa'dias, all of which are of the same general character; and while the present 
work augments, it cannot truly claim to supplement, still less supplant, the 
numerous published works of a similar character. 

In «i work of this description, it is almost inevitable that distT(*pancies will 
occur, some of which should not have escaped observation and correction in 
the proof. Two examples occur on page loo, when, alter stating that “. . . all 
types of union fabrics are stretched to some extent during finishing, the approximate 
variation of cashmeres from loom to finished cloth being as follows:” the following 
particulars are given as an example showing the amount of stretching — 


Width Length 

Reed (i.e. width in loom) ... 40! in. ... 70 yards 

Grey cloth 48 ,, ... (>4 ,, 

Finished cloth ... 44 .» ••• bt> ,, 


This will tend to confuse students and others seeking information. The second 
example is seen in Fig. 65, a diagram illustrating the structure of “Catgut,”. . . 
“a peculiartypeof gauze weaving in which the warp threads make a double crossing 
between each pick.” This diagram represents each pair of (doup and standard) 
warp threads actually crossing (or twisting) each other in the same direction 
continuously and unijormly. Such a structure as this is obviously impossible in 
gauze weaving with a “doup” or “leno” harness. Actually, a full crossing or 
twisting of doup and .standard warp threads is effected by causing the doup 
slips to completely wrap around their fellow standard threads as the slips pass 
from the doup threads to the heald stave on which they are contained. Thus, 
whenever a “shed” is formed, whether it be an open or a cross shed, the doup 
threads are raised and depressed in alternate succession always on the same side 
of their respective standard threads, thereby causing them to make a full crossing 
or twisting, but in reverse directions alternately. 

While it is the essence of a dictionary or glossary to be brief and concise, 
yet clarity should not be sacrificed for brevity that gives an indefinite and vague 
description, as in many instances that could, if space permitted, be cited. On 
the other hand, the amount of space devoted to many varieties of fabrics is quite 
disproportionate to their relative importance, whether technically or commercially. 
For example, the definition of “brocade,” as “a rich texture of an elaborately 
figured description,” certainly has the merit of brevity but not of utility, as it 
conveys not the slightest conception of the type, structure, nor textural features 
of this important t>*pe of fabric, with its infinite variety of textures. The defini- 
tion given is applicable to numerous types and varieties of fabrics that have 
nothing at all in common with brocade fabrics, excepting that they are con- 
struct^ from warp and weft threads. 
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On the other hand, no less than ten pages are devoted to the different styles 
and varieties of “alpaca fabrics/* 15 pages to “Bedford cords/’ to “blisters” 
(dress fabrics), 8 to “crepe weaves,’* 3 to “herringbone” (twills), 8 to “honey- 
combs,” 3 to “hopsack weaves,” and 4 to “Venetians.” 

The book is profusely illustrated with the aid of line diagrams and working 
designs (on point paper) of the numerous weave structures; also by excellent 
photographic reproductions of the fabrics described; while a considerable amount 
of valuable data gives full particulars of the manufacture, counts, and character 
of the warp and weft, ends and picks per inch, and the finishing of the majority 
of types and varieties of the fabrics. This will be of considerable value, especially 
to those concerned with the manufacture of woollen and worsted fabrics and 
those varieties constituting what is known as the “Bradford trade.” For a 
book of reference of this character, however, the price of 21s. is high. H.N. 

Wonted Open Drawing. By S. Kershaw, F.T.I. Published by Sir Isaac Pitman 
and Sons Ltd. (128 pp. and Index, 5s. nett.) 

Primarily intended for the assistance of those who have the actual drawing of wool 
to perform and for ])rospective workers in worsted yarn manufacture, this mono- 
graph on worsted oj)en drawing constitutes an eminently useful review of the 
machinery involved and the processing methods employed. So much has been 
published on this subject that in a book of this kind, where the de.sire is to be 
descriptive rather than fundamentally illuminative, it is difficult to lind anything 
new to record. The author, luiwever, draws largely upon a wide and extensive 
experience as mill manager and textile te( hiiologist and gives readers the full 
benefit of his practical knowledge and theoretical studies, with the result that 
this new presentation of a well discussed subject may be considered in every way 
reliable, and consulted by those in the trade with the fullest confidence. The 
treatment ot the subject is in accord with established prac tice and constitutes a 
useful record of present day jirocedure with respect to roving jireparation on the 
"opien” system, which, as the author states is the .sy.stem by which 75 to 8(^% of 
wool tof)s are processed. All the .salient features of the several drawing opera- 
tions, from gilling to roving inclusive, are lucidly explained, the essential mech- 
anical and material calculations recpiired by drawing overlookers and managers 
arc fully .s()t out and explained, accompanied by several useful graphs and tables 
indicating the different drafting doubling reciuirements for various classes of wool 
and mohair. The illustrations (ontamed in the work are well done and exceed- 
ingly helpful to an understanding of the text; this is especially true with respect 
to the diagrams relating to the calculations. From this simply-written work 
the reader will receive a sound, well balanced and complete desc ription of worsted 
drawing which will prove of great interest to managers, overlookers, and students 
in the industry, J.D. 

The Deeign of Cepacilor Moton for Best Stertiiig Perfomumce. By B. F. Bailey. 
Department of Engineering Research, University of Michigan, U.S.A., 
Bulletin No. ig. (Mce, 50 cents, 25 pp.). 

Single-pha.se motors, as well as three-phjise motors, are used to a very large 
extent in America, whilst in this country the three-phase motor is favoured for 
the majority of applications. American practice has resulted in the development 
of the capacitor motor, which has two windings, one directly connected across 
the line and the other connected across the line in series with a condenser. Best 
results are secured by using a comparatively large value of capacitance during 
the starting period arid reducing this during the running period, the change being 
made automatically either by centrifugal switch or by relay. It is claimed that 
these motors have better efficiencies and jwwer-factors than other types of 
single-phase motors, have excellent starting characteristics, are notably quiet 
in operation, and are simpler than other comparable motors. Th< pamphlet by 
Professor Bailey discusses the design of these motors, outlining the fundamental 
theory and giving the vector and locus diagrams, and a determination of the 
complete .starting performance for a typical motor. The effects of (i) alteration 
of the ratio of turns in the two windings, (2) variation of the capacitance, upon 
the performance of the motor are analysed, and a di.scussion of the advantages 
and disadvantages of electrolytic and paper condensers is included. The con- 
clusions reached are that capacitor motors can be designed to take care of a 
wide range of tonjue requirements by var5ang the capacitance and turns in 
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the starting vrihding, but that the cost of condenser and motor must be kept 
low, the torque ample and the starting low, if the machine is to become a general 
purpose motor. The capacitor motor undoubtedly is a good proposition from 
the point of view of efficiency, and on account of the fact that the unit may be 
designed to run at nearly unity power-factor. The cost, however, is higher than 
that of an ordinary motor, and larger units of this type would be excessively 
expensive and would not compare favourably with a synchronous-induction 
motor, or with an induction motor and phase advancer. Consequently the cap- 
acitor motor is limited chiefly to small sizes for general utility work, and therefore 
should have a wide field of application in view of the advantages it possesses. 
It should be therefore of considerable interest and importance to textile tech- 
nologists and electrical engineers engaged upon textile eleptrification work. 

R.H.W. 

Jnte: 1931. Published by the Ilntish-Continental Jute Press Ltd., 54 Fleet 
Street, London, E.C.4. (Price, los.) 

A welcome addition to the few Textile Year Hooks is that under the title “Jute.” 
In the <)8 comparatively large pages, each page in the English and German 
languages side by side, is a large amount of information dealing with many 
important commercial and industrial pha.ses of the jute industry. These include 
several interesting short descriptions on the following subjects -History, cultiva- 
tion, industrial application, seed problem, statistics of various kinds, reviews, 
organisations and their effect upon raw jute prices, import duties, research and the 
ne^ for further concentration on same, various crops and their effects upon 
the reejuired ejuantity of carrying material, various kinds of jute fabrics and 
suggestions for new applications, short description of modern jute machinery, 
and substitutes suggested for replacing the jute fibre m cases of emergency. As 
this is the first year of “Jute,” the publishers aiiologise for its incompleteness, 
but state that future year books will be enhirged and efforts will be made to keep 
future issues abreast of the times. But even in its present form, much informa- 
tion is given that is not available in the usual literature of the trade, and for 
this reason alone, the publication can be recommended to persons in all sections 
of the jute industry. Complaints are made of the apathy of British jute spinners 
and manufacturers in regard to the supply of stati.stics concerning the extent 
of their equipment; it is regrettable that more jiarticulars on this point cannot, 
at present, be obtained, but it is to be hoped that more data will be given in 
future issues of the year book. When this information is given in a collective 
sense, it would probably do more good than harm to the country concerned. 

T.W. 

Melliods of Hood Spinniiig in Egypt and the Sudan. By Grace M. Crowfoot. 
Published by the County Thorough of Halifax, Bankfield Museum. (48 pp. 
with illustrations and Index. I^rice, 3s.) 

This is a work published by the Halifax Museum's Committee, and is well worthy of 
the honour of being included in the series of Bankfield Notes which the Museum 
issues from time to time. Mrs. C rowfoot, the autlior, is Ixith well read in the subject 
and so deeply interested in it that she has travelled far and wide, in the districts 
mentioned, in order to obtam first hand definite information on what might be 
termed the origins of spinning. The book is fully illustrated with photographs 
and drawings taken on the spot and showing the natives actually spinning in the 
several ways described. Hand spiiimng naturally cuts out the employment of 
what is generally understood as mechanism. The book is therefore devoted to 
methods long in use before any form of spinning wheel was invented, and yet 
methods that are still extensively employed in ICgypt and the Sudan, and prob- 
ably in many other places at the present day. It is extremely interesting to be 
able to trace the gradual development of hand spinning from the .simple process 
of twisting fibres together by the use of the fingers of lioth hands to the highly 
developed method of the suspended spindle spinning made tanuliar to us by 
classical pictures of Greek and Roman artists. To the serious student of spinning, 
these various steps, in the growth of spinning, are familiar, but there has always 
been some degree ol indefinitness in the methods of operation. -Mrs. Crowfoot’s 
work remedy's these faulty descriptions and references, and one can now clearly 
.see from the photographs find the excellent explanations how yams of vanous 
degree of fineness and of different fibres are produced and also doubled. The book 
IS strongly recommended for the bookshelf of all interested in textiles. W.S.T. 
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Die Ramiekiihiir. By Prof. Dr. Kempski. Published by Thaden A.-G., Ham- 
burg, 1931 (it6 pp. 5 Marks.). 

This book is one of a series of small handbooks published on the cultivation of 
tropical plants of economic value. The authc^r writes from personal experience 
in growing ramie both experimentally and on a large scale! He is convinced 
that adequate markets could be found for the fibre if supplied in sufficient quantity 
and prepared by suitable machinery. The distinguishing characteristics of the 
fibre are described, and its superiority in many respects over other fibres is 
emphasised. It is suggested that its greater elasticity might lead to its being 
useri more frequently in conjunction with flax, in order to counteract the tendency 
of the latter to crease. The greater part of the l)ook is devoted to the cultivation 
of the plant and the various methods of propagation. Ramie is less specialised 
in its requirements than many other tropical ])lants, and may, therefore, give 
a profitable return when conditions are unfavourable to other crops. Also, 
every part of the plant may be utilised, and it seems probable that the leaves, 
in addition to serving as manure, might be used instead of mulberry leaves as 
food for the silkworm. The different types of machinery used in the pre])aration 
of the fibre are briefly described, and an outline of the working costs is given. 
The very high yield per acre of ramie fibre — according to the author it is ten times 
that of cotton — enables it to be sold at a low price, but it is not expected to 
di.sjilace cotton or any other textile fibre. Its peculiar properties should open 
up special markets, and the waste products of the plant, e.g. the wood, might 
provide valuable supplies of raw material for the manufacture of paper, artificial 
silk, etc. The book is illustrated by fifty photographs, ancj concludes with a large 
bibliography. To tho.se interested in the growing of ramie, it should prove a 
very useful guide, and its publication should hel]) in the fulfilment of the author’s 
desire to see this plant cultivated much more extensively. A.G.D. 

‘^Artificial Resins/* Scheiber and Sandig. Trfinslated by Ernest I'yleman. 

Sir Isaac Tfitman ik Sons Ltd. (pp. 447. Price, 30s.). 

This lMM)k treats a difficult and little known subject with characteristic German 
thoroughness. Only very rarely is the translation at all diificult to follow. 
Various attempts are made to define a resin, but so many qualifications are put 
forward that the reader may be left without any sj)ecially clear impressions. 
Such a criticism applies to the book as a whole — its only obvious fault is that it 
is perhaps a little too long, and so lacks emphasis. Perhaps the best attempt 
defines "resins” as "natural or artificial mixtures of organic substances, which 
at any rate originally possess the properties of solubility, of softening gradually, 
of fusibility, and also of separating from solutions in suitable solvents, on evapora- 
tion of the same, in the form of films.” The authors consider that resins resemble 
solid solutions — "resinoid amorphi.sm usually occurs in lyophilic mixtures, the 
constituents of which }W)ssess a more or less marked degree of mutual solu- 
bility.” The chief classes of artificial resins are the coumarone resins, the 
aldehyde resins, and the plienol-formaldehyde resins, together with the urea 
formaldehyde products, which have a small but rapidly increasing imjiortance. 
The pure scientist could benefit from the chapters on theory of crystiillisation, 
and from the very full treatment of condensation and polymerisation reactions. 
The technician can also find much of interest in the book; the actual pr<K;es.ses 
of resin production, with their rather unusual encouragement of side reai tions so 
as to produce a mixed product having the nature of a solid solution, are described 
in as much detail as commercial reticence will permit. A most imp)osing list 
of the practical uses of resin products is given. As one might expect at the 
price, the book is well printed on excellent paper, and is well bound. S.M.N. 
Die Kfintfliche Seide* By Dr. K. Suvem. Published by Julius Springer, Berlin. 
(642 pp., 74.5 R.M.). 

This book is an addition to the fifth edition and covers a penod from 1926 to 
1928. The arrangement of the book is essentially the same as that adopted in 
previous editions. The first section of the book deals with the manufacture of 
artificial silk, sub-section (a) deals with the manufacture of nitrocellulose and 
its solutions, spinning processes, denitration processes, and methods of recovering 
the solvents. Sub-section (b) deals with the manufacture of artificial silk from 
non-nitrated plant products and is again divided into sections. 

(1) Deals with preparation of cuprammonium solutions of cellulose coagulation 
by acids and alkalis, and recovery of chemicals. 
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(2) Deals with zinc chloride solutions of cellulose. 

{3) Deals with viscose and gives extracts from the large number of patents 
taken out during the period under review. The various improvements in 
technique of viscose silk spinning are dealt with, also the various processes 
for the manufacture of viscose silk of strength above 2 g. per denier. 

(4) Deals with solution of cellulose in caustic alkalis. 

(5) Deals with the manufacture of cellulose esters and ethers, including new 
<lerivatives of cellulose xanthogenate containing combined nitrogen. The 
various processes of dry and of wet spinning are described, also the various 
finishing processes. 

Sub-section (c) deals with manufacture of artificial silk from animal matters, 
plant gelatines, and artificial resins. Sub-section (rf), which is the largest in the 
book, deals with general improvements in the artificial silk industry, methods of 
preparing cellulose, .special .solvents for ceUulosc, fill ration plant, .spinning pumps 
of various kinds, .spinning jets and machinery in general. Manufacture of matt or 
dull lustre artificial silk, various finishing processes, and machinery u.scd for the 
same. Sub-sections (e) to (k) deal with artificial hair, straw, artificial cotton 
and wool, and sta])le fibre. The second .section of the book ^ves alxstracts of 
a few patents on the uses of artificial .silk. A useful index, with list of patents 
and references is given at the end. As this l)<K)k (h'als with what is i)erhaps the 
most important ])eriod of development of artificial silk, it is a book the artificial 
silk cheniist can .scarcely afford to be without. W'.H. 

Der Aufbau der Hochpolymeren Organitchen Naturstoffe. Hy Kurt K. Mc'yer 
and H. Mark. Ihiblished by the Akademische \ erlagsgesellschaft, Lei]>7ig, 
1030 (vii 1 265 ])]). Price in England i«s.). 

'Phis is a work of fundamental importance to the textile cheniist. It is the first 
comjilete summary of the very numerous investigations that have been made, 
nearly all within the past decade, ot the structure of synthetic and natural polymers. 
The first 80 pages deal with the various methods of ayiproaching the yiroblem. 
Assuming an elementary know’ledge of the princi])les of X-ray analv^sis, the 
authors explain carefully their ayiplkation to the case of highly polymerised 
substances, and show how a critical study ot lattice spacing, and oi the energy 
relationships involved, enabl<\s one to disinininate clearly between the resyiei live 
roles of ])rincipal and cohesion (Van (l<*i Waal’s) toices in the building ii{) of such 
coinyiounds. On the chemical side this introductory section contains a very 
good summary of the yiroduction and iinestigation, by Stanchnger in yiarticular, 
of a variety of .synthetic polymers from substances of low molecular weight. The 
authors emy^hasise the very important fatt that these products— and presumably 
tlu» natural jiolymers also— are never obtained as chemical individuals, but are 
mixtures ot molecules reyiresenting varying degn*es of iKilymeri.sation — hence the 
caution necc.ssary in drawing conclusions about them from analy.sis or molecular 
weight measurements, and the need for collating results from every pos.s]ble 
field of work. The next 80 pages or so are devoted to ccllulo.se. The autliors 
discuss critically the chemical and phy.sical evidence from which a knowledge 
of its structure is Injing developed. The f»nly (Question with which one feels they 
might have dealt rather more fully is that of the existence and dimensions of the 
crystallites, or micellne, which they regard as secondary units in the cellulose 
structure. Heic however, as the* authors point out, the data lack precision. 
The structure of various cellulose <lerivativos is dealt with briefly, and the effects 
of inercerisation and other treatment u^nm the mechanical properties of the 
fibre arc discussed in the light of structural data. The technologist may regret 
the very small space de\’oted to cuprammonium -cellulose, but so little is really 
known about it, despite the work of Hess and Trogus, that a fuller treatment can 
hardly be expected in a work of this nature. The Ixiok contains also chapters 
upon starch, rublier, and the proteins, and concludes with an interesting and 
suggestive excursion into the realms of cytology and the mechanism of muscular 
contraction. It is well printed, and contains some good diagrams and particu- 
larly fine reproductions of X-ray photographs. There is a bibliography of 346 
references, unfortunately neither in alphabetical nor chronological order. Of 
these, it may be noted, only about 30 are from British sources, although full 
credit appears to have been given to workers outside C^ermany. W.A.S. 
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Ku ntft iiid o , By O. L'aust. Verlag Theodor Stcinkopff, Leipzig, 4th and 5th 
Edition (pp. 268 and Index. 15 R.M.). 

This book opens with a short history of the development of artificial silk, 
followed by an account of the chemical and physical properties of cellulose in 
general. Recent work, including the X-ray analysis of jiatural and artificial 
fibres is described. The fibre forming character and viscosity of the spinning 
solutions are dealt with, also the relation between the method of coagulation 
and the cross section of the resulting fibres. Theoretical data on stretch spinning 
are given, followed by interesting data and photographs of X-ray spectra of 
natural and artificial fibres. The measurement of the lu.stre of fibres is des- 
ert Ix'd, also the calculation of denier. The influence of moisture and stretching 
on strength and elasticity is dealt with, and interesting jioints on the dyeing of 
artificial silk arc given. The swelling properties ot cellulose products and their 
measurement are given, followed by chemical methods of distinguishing the 
various kinds of artificial silks. In the technical part the raw materials, pulp 
water, etc., are dealt with, followed by general methods of drying pulp, filtration 
of solutions, various spinning maihines for wet and dry .spinning, recovery of 
solvents, staple fibre spinning machines, bobbin spinning and ccntritiigal sjnnning 
machines for cuprammoninm silk, the general arrangement of plant lor spinning, 
washing, and other after-treatments is given, with special data concerning 
bleaching jflant, drying machines, twisting, and rcc'ling machines. Special 
sections are ilevoted to nitrocellulose silk. ( elliilose-acetatt* silk, cellulose-other 
vsilk, cuprammoniuni silk, and viscose silk, the List in some detail. The production 
of artificial silk 111 \ anous coimti ies is given to the end of i K usetiil collection 

ot literature is guen at the end of the book. In so Lir as this book gives up-to- 
date iniorination on points not gener,dly dealt with in hooks on artifici.il silk 
it forms a useful addition to tlie literature ot the subject, and shoukl be most 
useful to chemists engaged in the industry. W.H. 


PUBLICATIONS RECEIVED AND PLACED IN THE 
INSTITUTE LIBRARY 

Proceedings of the American Society for Testing Materials. Tliirty'^third Annual 
Meeting, June 1930. 

Part I contains the Annual Address by the President, T. I). Lynch, C'ominittee 
Reports (I) 13 on Textile Materials), and Tentalne Standards, either revised or 
published for the first time, those reflating to tcxtih's being- D 31^-30 'I', ('hafi*r 
Tire Imbncs; I) 270-30 T, Identification of Textile hibres; and 1 ) 123-30 T. 'lernis 
relating to textile materials. 

Part 11 contains technical j)a])ers read at tlie meeting, with discussnins. 
M. Freedman read a ])a}H‘r on “The Thermal 'Iran sin ission of J^abrics,” and 
W. h’. Emlcy one on “Aeronautical Textiles ’’ 

Imperial Wool Research Conference, 1930, London, Leeds, and Edinburgh. Report 
of Proceedings. Published by the hanpire Marketing Hoard. Price i,- nett. 
This contains a full n'jiort of the Proceedings of the Conlerem e and j^apers read 
thereat. 

Imperial Institute: Annual Report, 1930. By the Director, Sir William Furse, 
K.t'.H., to the Ikiard of (Jovernors. Price 2/- nett. 

This document records the work of the In.stituto and covers the Plant and Animal 
I^rodncts Dcjiartmcnt; the Mineral Resources Department; the Library; and the 
Exhibition Galleries. Particulars arc given f)f the meetings of tlie ('ommittces 
on Silk, on Vegetable Idbres, and on Animal I'ibres. Investigations arc reported 
on Simn Hemp, Wool (fleeces from Iracj and Moraisi-Heladi), and rope fibres 
and their resistance to the action Of sea- water. 

The National Physical Laboratory. Report for the Year 1930. Published by 
the Department of Scientific and Industrial Reseirch. Price 12s. Od. nett. 
The report of the lixecutive Committee and reports of the various departments 
are im hided. Those of the X-ray and Optical Departments are of interest, as 
also are the reports of work on Photometry. 
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Sflk msA Rayon IXroctory and Bnyari^Gnida of Great Britain. Published by Jphn 
Heywcxxl Ltd., Manchester. Price 21/- nett. 

This is the seventli i.ssue of a Directory that is now well known. Its increased 
size is a measure of the development of the rayon indu.stry. 

Stykn for Men. Directory of Trade Marki and Trade Namet^ 1931. Published by 
the National Trade "Press, Ltd., Ix>ndon. 

This volume contains 3.500 trade marks and has a classified index to advertisers. 

Report of the Britieh Association for the Adrancement of Science, Bristol, 1990. 

The usual annual re|K)rt of the Association. emlxKlying the Presidential and 
Sectional-Presidential addresses. 

Department of Scientific and Industrial Research. Annual Report 1929**30. 

Published by li.M.S.C). Price 3/6 nett. 

Contains s]>ecific references to the work of the (‘otion, Wool, Linen, Silk, and 
I^underers' Industries Research Associations. 

Medical Research Council: Eleventh Annual Report, to 30th June 1931. Pub> 
li.shed by H.M.S.O. Price is. 6d. 

Contains an aci'ount of tlie research work now being carried out in problems of 
Industrial Pliysiology and Psychology. A list of ])ublications already issued is 
given and s])ecial reference made to an investigation into .sickness among card- 
room oj^ratives. 

British Economic Mission to the Far East, 1930«31. Published by H.M.S.O. 
Price 1 /- net. 

This i.s the report of the Cotton Mission. 

Empire Cotton Growing Corporation. Report of the Administrative Council 
of the Corporation sufamitted to the Tenth Annual General Meeting, 20th 
May 1931. 

Deals with Empire ('otton (irowing (except in India) during the previous twelve 
months, and gives a table of crop production. 

British Cotton Growing Association. Twentynuxth Annual Report, twelve months 
ending 31st December 1930. 

Deals with the activities of the Association and results in cotton growing through- 
out the period. 

Insect Pests in Textiles and the Enlan Mothproofing Processes. 

Reprint of a lecture given by C. (). Clarke (Associate) at the I'niversity College, 
NoUingham, November 1930. 

^'Statistical Methods for Forecasting Raw Cotton Prices.” Price, 1 1 2 post free. 
Reprint of an article by W. H, Slater, H.Sc. (.\ssociate). in the 1 extile Recorder, 
January-March 1931. 

"KiqN>k.” By 11. L. Williams. 72 Oxford Street, l-ondon, 

A well-illustrated booklet describing this fibre and its uses. 

Imperial Chemical Industries Limited. 1— Basic Colours, and II — Thionol Colours. 

Loose-leaf books containing mounted yarns, straw.s, raffia, etc., demonstrating 
the use of the colours made by the l.C.I. 

Worsted Machinery and Woollen Machinery Catalogues. Issued by John Hether- 
ington & Sons Ltd., Manchester. 

''Modem Uses of Conveyors in Industry.” A catalogue of their ])roductions 
issued by Herbert Morris Ltd., Lough liorough. 

losproved Continuous Curiing Machine. A catalogue illustrating and describing 
a new machine marketed by Thomas Broadbent & Sons Ltd., Huddersfield. 

"Price Equivalent Tables par Yard and Metre.” Compiled and issued on stout 
card by Kingston’s Tran.slations Institute, Lcadenhall Street. London. 

B.TJi. Monthly Bnllotin. Issued by Baird & Tatlock (London) Ltd. The 
first issue of a new “House" publication. 

Contains an article on “Applications of the Thermionic Valve." 
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PROCEEDINGS 

STANDARDISATION OF KNITTING TERMS 

By J. ('hamberlain F.T.I. 

The rapid growth of the knitting industry has led to a bewililering, and in 
some cases contradictory, application of terms, so that an adequate standardisa- 
tion by some authoritative body is ess(‘ntial. Siiinners, manufacturers, knitting 
machine builders, wholesale and retail houses, patent agents, and, last but not 
least, the purchaser of knitted goods, ^\ouId welcome any action which would 
allay suspicion and tend to broaden markets. Quite recently the National 
Federation of Hosiery Manufacturers has defined the meaning of a few terms 
used in the trade for knitted garments, but no attempt has been made to classify 
and standardise the names of the innumerable stitches, fabrics, yams, machine 
parts, etc., used in making these garments. 

In diflerent parts of Great Britain dilierent terms arc used for similar (opera- 
tions, stitches, etc., and in some cases the same term is used for two entirely 
different operations, c.g. in the Midlands the term “finishing*’ is applied solely 
to those processes, wet or dry, which are carried out on fabrics or garments 
after they have been ('omplcted, whcTeas in certain parts of Scotland the term is 
used for the cutting out, .seaming, and attaching of parts so as to make a complete 
garment ready for sale. These operations are known generally as “making-up.” 
Again, the operation of joining two rows of knitted stitches in the “course” is 
known as “turning-off” in Nottinghamshire, “linking” in T-^icester.shire, and 
“looping” in the II.S.A, “Bniding-oli” and, in the case of closing the toes of 
seamless hose, "toeing” are other terms used for the same operation. 

Another reason why some form of standardisation of terms is desirable, is to 
obviate difficulties in connection with the appointment of suitable operators, 
mechanics, etc. Labour Exchange officials, manufacturers, and machine builders 
are constantly in doubt as to the exact experience of applicants, and consequently 
there is further doubt as to the exact po.sitions they are qualified to fill. To 
facilitate the choice of suitable appheants, 1 have rccentlv classified operations and 
machines for the benefit of the local Labour Exchange. The standardisation of 
terms, however, cannot be effected by an indnidual, but by a representative 
body which represents all pha.se.s of the knitting industry. In order to arouse 
the interest of the members of the Textile Institute, however, I should like to 
show how absurd the present position is, first, by ciuoting a Gilbertian case 
which actually hapjiened in Leicester a few years ago, and, secondly, by taking 
a few typical examples of the confu.sion arising from a lack of standardisation of 
terms. 

An improved form of calendering machine w^as introduced by a local firm. 
Satisfactory prices were fixed, but a “strike” lasting some wrecks resulted owing 
to two rival trade unions being unable to decide whether the operation was 
“trimming” or “finishing” I 
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CONFUSION OF TERMS IN KNITTING 

In some districts the knitting industry is divided into sections in accordance 
with the types of garments produced, viz. knitted footwear, underwear, and 
outerwear. On the other hand, the term ''hosiery*' is often used in a generic 
manner, and when Kelly, in 1850, introduced the manufacture of knitted outer- 
wear to Leicester, the makers of such garments styled themselves "fancy hosiery 
manufacturers," although they did not make hose or half-hose, and the term is 
still used to-day. 

Originally knitted goods were of a coarse character — like hand knitting — and 
when finer fabrics were macie, a most contradictory term was introduced, viz., 
"woven hosiery." Thi.s term is still used and "woven" underwear merely 
indicates knitted underwear with a fine stitch. Indeed, a company was formed 
with the title "The Woven Hosiery Co." who produced nothing but knitted 
fabrics. 

Again, although the original term "wrought" has given way to the term 
"fashioned," it has become necessary to introduce the term "full-fashioned" as 
shaped garments which arc not "wale-fashioned" are sold as "fashioned" goods. 
In the U.S.A. the trade has now standardised the terms "full-fashioned," 
"fashioned," and "shaped." 

Hosiery Yarn Terms — 1 do not pretend to understand what is meant by the 
"quality of a top," and leave this term, cheerfully, to other authorities, but terms 
like "lambswool," "merino," "llama," "cashmere," “botany," arc usedforyarns 
quite indiscriminately and in no w^ay represent the materials used. Other terms 
such as "hosiery twist," "lisle thread," "cordon," are delightfully indefinite, 
whilst garments are frequently stamped "wool" although containing only 5% of 
wool. Other manufacturers stamp hosiery "wool and cotton" when a similar 
percentage of wool is used, whereas for export it is essential to use "cotton and 
wool" if the cotton predominates. "Plated" (often erroneously spelt "plaited") 
goods contain varying percentages of the yarns used and, unless the percentage is 
given, no information is obtainable without a chemical or physical test. 

SHtch DefimUon — Knitted fabrics, at present, are divided broadly into two 
groups, viz. — (i) Ordinary knitting, often called weft knitting, stockinette 
(British), Balbriggan, Jersey cloth (U.S.A.), etc., and (2) warp knitting, the 
former being a replica of hand knitting and the latter of crocheting. As a 
knitted fabric is composed of lateral and longitudinal rows of loops definitely 
known as courses and wales, perhaps a better definition for ordinary knitting 
would be "course knitting," i.e, knitted in courses, and "wale knitting," knitted 
in wales, instead of warp knitting, as the terms warp and weft indicate straight 
threads, and straight wefts and warps are both used as well as knitted wefts and 
w^arps. A clear line of demarcation would then be possible with sub-divisions, 
such as — 

(1) Course knitting— (a) Flat — (i) Full-fashioned; (ii) Fashioned. 

(6) Tubular — (1) Straight; (ti) Twelve-course spiral (for 
12 feeders); (m) Fashioned. 

(2) Wale knitting — (/) Single warp; (it) Double warp (lap defined). 

(3) Combined wale and course knitting. 

(4) Course knitting with weft and/or warps (straight weft and/or warps). 

(5) Wale knitting 

Ladderproof Fabrics — At present the term “ladderproof" is used for fabrics 
possessing very yarying degrees of the non-laddering properties. Plated hose 
(rayon and mercerised cotton) are often stamped "ladderproof" although com- 
posed solely of course knitting. Similarly, a i x x crossed iloat^titch, i.e. float 
odd, knit, float even, knit, is also called "ladderproof" as well as other fabrics, 
because the laddering tendency Is diminished but by no means removed. Again, 
although wale knitting (double warp) may be made absolutely ladderproof, t his 
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again is dependent on the manipulation of the warps or “lap." Combined 
course and wale knitting again may vary in the degree of ladderproof quality, 
and up to the present no standard test has been made or authorised. 

Fancy Fabrics — Here again there is a hopeless confusion of terms at home and 
abroad. A knitted “lace" fabric may be made by transferring loops, tucking, 
drop-stitch, cross-plate float-stitch, pelerine stitch or enlarged smker loop, etc. 
The term “float-stitch," quite correctly, I believe, has replaced “press-oft" work — 
which is only made on hand and rotary frames. “Knop" work may be tuck 
(plain or rib), held-stitch, stitch transfer, or made from slub yam. Cardigans 
(originally made with the full-cardigan rib-stitch) are made from many different 
stitches. Purl knitting is often erroneously called “pearl" knitting. Half- 
cardigan rib is known in Leicester as “Royal rib" and full-cardigan as “polka," 
whilst terms like French tuck, French welt, Derby rib, Richelieu rib, can only 
be defined by a few privileged persons, in short, the time has come when 
terms shoud be more than ornamental, more than deceptive, and should possess 
a deflnite significance. 

Wale Knitting [Warp Knitted Fabrics ) — In this section the terms are hopeless. 
“Tricot," the French equivalent for course knitting (plain weft knitting), is 
commonly used for i x 1 wale knitting (warp knitting), and further defined as 
“single tricot" (one series of warps), “tricot or double tricot" (two senes of warps), 
“hall tricot" (tv/o series of warps making i x i and 2x1 laps respectiv’^ely). 
The latter is more often known as “locknit" — or variations of the same — owing 
to its positive non-laddering properties. Such terms as “elastic scarf stitch," 
“knock-olf laps," “fall-plate work," “gimps," “shell designs," “superimposed 
designs," admit of various definitions. “Atlas" may be “single atlas," which 
will easily ladder, or “double atlas’ ’ (non -laddering) and of any traverse. Endless 
traverse may be called traverse warp and Milanese, and so on indetemiinably. 

Knitted Gafmew/ 6 — Although in the trade the terms ladies' hose, men’s half- 
hose, and children’s socks are standard, the shopkeeper sells silk stockings (hose), 
men’s socks (half-hose), and the trade uses the term socks, invariably spelt “sox," 
for children’s knitted footwear onl3^ Men’s knitted “shirts" become men’s 
vesta when placed on sale. Underwear for ladies becomes “lingerie." Sports 
hose become cycle hose, shooting hose, golf hose, etc., according to the purchaser's 
appearance. Women’s single-piece unden/^'ear garments arc known as com- 
binations or “combs." whilst a similar garment for men is known as a union suit. 
I could quote many other examples, but the above are quite sufficient to show 
the confusion which exists. 

Knitting Operatiofis — ^Mention has been made of the various names for 
“linking," but there are many other tenns which are similarly confounding. 
The term “top-head" is used for ordinary circular and flat rib-knitting machines, 
and for both plain and ribbed “fancy" top machines, about which the ordinairy 
“top-head" operator knows nothing. On the other hand, timid operators often 
refuse to operate similar machines posses.sing different names, i'hus, “X.L.," 
“Simplex," “X-L-sior," “Komet," “Aufo-Swift" machines fall naturally into 
one group from the operating point of view, as all are super-imposed cylinder 
machines for making seamless ribbed hose and half-hose or socks, yet operators 
will say “I can only work so-and-so machines." Knitting machines should be 
grouped fundamentally, as a “full-fashioning legger" operator requires a totally 
different training from a seamless ho.se machine operator, or a jacquard flat 
machine hand. Yet all are called “hosiery hands," and hltle wonder that the 
Exchange officials are bewildered. 

Knitting Machine Terms — Here again is a hopeless confusion and contradiction 
of terms. No ordinary mechanical engineer would call a triangular piece of steel 
a “cam." The parts on a knitting machine which give rise to the movements 
of needles, sinkers, jacks, sliders, etc., are definitely and, by common usage, 
rightly known as cams, but when a disc or a straight piece of metal is known as 
a “cam" (rest “cam," filling-in “cam") it seems as if license has been exceeded. 
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Further, the "cam" which forms — ^by aid of the needle or sinker — ^the loops is 
known as "slur-cock" (cotton frame, hand frame, etc.), "stitch cam" (circular 
machines), "tension" or "lock" (flat machines), “knock-over" (rib machines), etc. 
Terms like sinker, jack, slider, propeller, are all used for one part on double- 
cylinder or double-bed machines, v^hcreas needles, sinkers, jacks, points, all 
have their special functions and could be properly defined. To overcome the 
many difficulties, most machine builders prefer, quite logically, to illustrate and 
number parts in preference to naming them, but this only partially solves the 
problem of nomenclature. Parts are invariably called by one name in patent 
specifications and by many others in the works. Moreover, patent agents rarely 
use the same term for the same part or function. This undoubtedly has its 
effect when the claims reach the Patent Office, and is a further example for the 
need of standardised terms. 

Finally, there is the question of the advisability of allowing foreign terms to 
replace British terms, e.g. “mlarsia" has replaced "solid," "links and links" is 
used instead of "purl work," "knop" has been substituted for "knob." American 
terms arc constantly being substituteil for older and, in some cases, far more 
expressive British terms, e.g. spring needle for bearded needle, bur for bladed 
wheel, cut for gauge. As all the fundamental im entions wore of British origin, it 
does not seem appropriate to adopt foreign names without forethought. Possibly 
there arc persons who think the "spring" needle and "spring needle hosiery" are 
U.S.A. improvements on the old British bearded needle and bearded needle 
hosiery, whereas the spring needle is a bearded needle, unaltered. 

CONCLUSIONS 

(1) It is submitted that there is a great need for the standardisation of terms 
used in the knitting industry, as this has l>een openly expressed by i>atent agents, 
machine builders, manufacturers, agents, and others connected with the industry, 
as well as by members of the general public. 

(2) Clearly the quc.stion can only be solved by collective action, as no one 
individual could hope to define all the terms used to the satisfaction of those 
engaged in the many branches of the industry. 

(3) An authoritative committee, working through some recognised professional 
body, such as the "Textile Institute," would be far better tlian a committee 
formed by a federation of manufacturers, who only represent one phase of the 
industry. 

(4) Such a commictee could include representatives ot manufacturers, mer- 
chants, machine builders, trade unions, educational authorities, patent agents, 
textile societies, and members of allied industries, e.g. spinning, dyeing. 

(5) The committee could work in co-ordination with other similar committees 
who are endeavouring to standardise terms in other branches of textiles. 

NOTES AND NOTICES 

Institute Examination 

The next Institute examination in General Textile Technology has been fixed 
to take place on Wcdncsda3\ the qth December 1931. The examination is open 
only to applicants for the Associaleship whose qualifications are such that the 
Selection Committee can admit them to this examination, the passing of which 
completes the requirements of the regulations governing Associaleship awards. 
It has become customary to hold the examination in various centres simulta- 
neously, according to the location of the respective candidates. For the next 
examination, the arrangements contemplated are more far-reaching than pre- 
viously, as candidates located in India, South America, and South Australia 
have to be provided for. If the arrangements are carried out the occasion will 
be the first on which Institute examinations has taken place abroad. 
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Institute Scholarships 

Following the special grant to the Instituic, in miS, by the Cotton Recon- 
struction Board and the Trustees of the Cotton Trade War Memorial Fund, 
the Scholarship scheme of the Institute, w^hich became opera livt* in the latter 
part of 1930, may be said to be giving promise of quite successful application. 
The annual income from the investment of the fund has been devoted to the 
maintenance of one scholarship, since October 1030, and, by the time this Journal 
is issued, a second award will have been made. 'J'hus, award of a scholarship 
covering three years of special training, with maintenance allowance to the 
holder, has been eltected in two successive years. 'Ihe income a\ailable is not 
sufficient to provide for annual award, and the time ol awartl of a third scholar- 
ship will depend entirely on the availabilit}' of income for the purpose. A report 
as to the scheme and as to the progress of the first scholarship holder was men- 
tioned at the last meeting of the Council of the Institute when general s itisfaction 
was expressed in regard to the records presented. The scholarship takes the fonn 
of a special course of two years at a technical college, to be followed by one year 
of experience abroad. A complete report is to be prescnti'd to the October 
meeting of the Council. 

Section Meeting Arrangements 

Committees concerned with arrangement of meetings in connection with 
the various Sections ot the Institute* have, for the mcASI part, earned out a good 
deal of preliminary work in regard to their respective prograniincs. In the 
case of the Midlands Section, the programme lor the coming session was almost 
completed at the last meeting ol the Committee, and the lec'turcs and visits to 
wwks provided lor should prove most inter(\stmg. The London Sec’tion's pros- 
pects as to meetings are regarded as satisfactory, whilst the 1 ancashire Section 
firrangements are iiroceeding. It is unusually dithcull, in existing circumstances, 
to complete arrangements in advance for meetings covering a wliole s(*ssion. 
The Lancashire Section Committee has decided to coniine attention to more 
immediate requirements, and two meetings have already been definitely arranged 
for the latter part of this year. Only the actual date and time of commencement 
now require arris al at agreement in respect to two Papers to be contributed. 
One of these, which will probably be fixed for November, is likely to prove of 
special interest as the subject will have a direct bearing on the extended use 
of cotton materials for industrial puriioses. Ihe lecturer will deal with the 
subject of “Cotton Textiles for Electrical Insulation “ Announcements will 
follow in due course. 

Prizes for Woven Cotton Fabrics 

The awards for 1931 in the Lancashire Education Committee (Higher Educa- 
tion) annual competitions for collections of woven cotton fabrics, produced by 
students at technical institutions in the county area, are announced as follow — 

Gold Medal and £10 — ^Arthur Mutton (Burnley Municipal College). 

Silver Medal and £\o — Lewis Sutcliffe (Nelson Tcihnical School). 

Prizes of £10 each — Eric Basnett (Radclilfe Technical School), Norman 
Bank (Colne Technical School), and William Pickles 
(Colne 'J'echnical School). 

Prizes of £5 each — Robert Harwood (Darwen Technical School), Fred Lansdale 
(Radclilfe Technical School), James Settle (Radcliffe 
Technical School), and Rennie Wriggle.sworih (Nelson 
Technical Scliool). 

The adjudication was carried out by the Competitions Committee of the 
Textile Institute. This Committee's report on the competition is as follows — 

“The Committee desire to express their keen sense of appreciation of the 
satisfactory level of attainment reached by competitors generally. Mo.st of the 
albums provide evidence of sincere and determined effort, reflecting credit on both 
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* competitors and schools. In the latter connection, indectl, it is felt that the 
influence of the operation of the competition is of incalculable benefit to all con- 
cerned. In this year's competition, particularisation as to the structure of the 
fabrics has been well carried out, and the Committee is pleased to be able to 
report the registration of a high average of marks in respect of the costing of 
cloths. Some amount of weakness persi.sts, however, so far as classification is 
concerned, and future competitors would be well advised to give more attention 
to the requirements in respect of fitness for purpose. Too often, the impression 
arises that classification may have been considered subsequent to rather than at 
the outset of jiroduction of the cloth, and that such proceeding has inevitably led 
to unsatisfactory classification along with unsuitable colour selection. Careful 
choice of suitable yarn for a particular cloth, followed by experiment with regard 
to the most (.Icsirable particulars, weave, and colour, together with constant 
attention to the purpose for which the fabric is intendtd would be much more 
likely to yield a better result. 

The (k>mmittee offers suggestions as to revision of the scheme and conditions 
which it is hoped may be acceptable. In proposing the addition of a Single 
Specimen Competition, the Committee is only actuated by a desire to extend the 
scope of the competition, and in this way to bring the competition into line with 
other schemes of similar character." 

Textile Institute Diplomas 

Election to Associate ship has been completed since the appearance of the 
previous list (August issue of this Journal), as follows — 

ASSOCIATESHIP 

KIKKWOOl), Robert Edwin Alexander (Lurgan, N. Ireland). 

Institute Membership 

At the September meeting of the Council, the following were elected to 
membership <»f the Institute— Prof . H. J. JUll, S.H., B.C.S., Ixiwell Textile 
Institute, Eowell, Mass., IJ.S.A. (in charge of Textile Engineering Department); 
Ck’o. Bancroft, loz Market Street, Thornton, Bradford (Warehouse Manager); 
Wm. Brown, M.Sc. (Leeds), A.l.C., 32 Craignair Road, Tulse Hill, London 
S.W,2 (Works Chemist and Manager); A. Crawford, K.C., M.A., LL.H., Bank 
Buildings, 16a St. James’s Street, London, S.W.i (Chairman, Scottish Flax- 
spinners* and Manufacturers’ Assen.); E. Dewhirst, 24 Ash Mount, Great Horton, 
Bradford, Yorkshire (h'oreman Overlooker); C. S. Edwards, American Consulate, 
47 Market Street, Bradford, Yorkshire (American Consul); M. C. Ghia, 24 
Elphiusione ('ircle, Fort, Bombay, India (Merchant and Partner) ; G. Greenwood, 
Darnley S»iuare, Kaiapoi, New Zealand (Works Manager); Emil Honegger, 
85 Susengergstrassc, Zurich 7, Switzerland (Piofessor, liidgenossische lechnische 
Hochschule); O. Jackson, Ilillheacl, Cullybackey, Co. Antrim, Ireland (Works 
Manager, Bleach and Dyeworks); Y. S. Mirza, 57 Mirza Building, Nusserwanji 
Petit Street, Bombay No. 7, India (Examiner of Stores). 

REVIEWS 

Die Pelyteccheride. By Hans Pringsheim. Third edition. Published by 

Julius Springer, Berlin, 1931 (viii — 393 pp. Bound, 26.80 RM.). 

The considerable advances whicli have been made in sugar and polysaccharide 
chemistry since the publication of the second edition of this work (1923) have 
necessitated a practically complete rewriting and a very considerable enlargement 
for the third edition. This embodies the literature published up to February 
1931, The book*i8 divided into two parts, of which the first (60 pages) deals 
with the simpler, readily crystallisable sugar-like di- and tri-saccharides (maltose, 
cane sugar, etc.). Following an account of the classification and nomenclature, 
the methods of research w^hich have been employed in elucidating the constitution 
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of these bodies, and also methods of synthesis, are discussed. The second part 
of the book is devoted to the class of complex |)olysaccharides of which cellulose 
and starch are typical members. This part is divided into ten sections. Section I 
(36 pages) deals vdth cellulose, its occurrence, properties, and chcfUK al degrada- 
tion. In connection with this last subject it would have been useful if fuller 
reference had been made to recent tcxtile-chemical investigations, jiarticularly 
those of Clibbens and his co-workers. The next section gives an account of the 
so-(^ed incrus^g substances which are found in association with cellulose in 
various plant tissues (lignin, hemicellulose, etc.). Section III deals with the 
microbiological degradation of cellulose and its r61c in soil chemistiy’, while the 
next section deals with degradation by ferments and the digestibility of natural 
products which contain cellulose. Sections V and VI (43 and 29 pages) are 
devoted to starch and glycogen, their occurrence, properties, and chemical and 
fermentative degradation. Section VII deals with dextrine and similar bodies 
and Section VIII with inulin, hemicelluloses, chitin, etc. Finally, there are two 
sections dealing particularly with problems of constitution, the fornur devoted 
to general methods and principles and the latter to the constitution of particular 
polysaccharides, more especially starch and cellulose. In these chapters, inter 
alia, the X-ray .spectrographic method of investigation is considered, together 
with the various methods by which the molecular complexity of highly poly- 
merised compounds has been examined during recent years. In dealing with 
cellulose and starch very lull references are made to investigations which have 
been made in countries outside Germiiny but with pet tin and hemicelluloses, 
and to a certain extent with lignin, we miss a number of references to the English 
and American literature. In particular, one expected to find a mention of the 
work of Schryver and others on pectin and of O’Dwyer, Norris, Mehta and others 
on hemicellulose and lignin. There is also no reference to Suchanpa’s work on 
pectin. As a summary and critique of the very extensive literature relating to 
polysaccharides this new edition should prove of \ery considerable value to those 
whose interests are in this field. Very few typograjihical errors were noticed, 
but in the volume sent for review a portion of the Table of Contents has been 
omitted. C.K.N. 

Jute and linen Weaving. Part I — Mechanism, and Part Il'-'Calculations and 

Structure of Fabrics, f^y Thomas Woodhonse, J'.T.l., formerly of Dundee 

Technical College and School ot Art, and Thomas Milne, formerly ot Dun- 
fermline Textile School. Second edition. Published by Mac millan (Sr Co. 

Ltd., London. (Part 1, 582 pp. and index, 15/- nett, and Part II, 201 pp. 

and index, 7/6 nett.) 

Although the second edition of Part I of the above work appeared as long ago 
as 1914, an oversight on the i)art of the publishers prevented any reference to 
the book being made in the columns of this Journal. The ajipe.tr.ince of a second 
edition of Part II renders the present moment opportune for a brief review of 
both volumes. 

Part I deals mainly with fhe mechanisms employed in the prejiaration ot 
warp and weft for the loom, and with weaving appliances, while Wwi II may 
be regarded as a companion volume dealing with most types ol w’caving cal- 
culations and closing with a section discussing the mathematics of cloth structure. 
As mentioned above, a second edition ol I^arl 1 was issued severtil years ago, and. 
to meet a recurring demand, a second edition of Part II lias now been found 
necessary. Owing to the death of Mr. Milne a few years ago, the work involved 
in the preparation of the second edition of Part II has been carried out wholly 
by Mr. Woodhouse. These books are well known to textile imii and may almost 
be regarded as classics amongst jute and linen students. As regards I^art I, 
a complete revision was found necessary, and in addition to the replacement of 
several of the original illustrations by more modem examples, further matter, 
including 108 new illustrations and the accompanying text, has beem inserted. 
ITie new matter deals principally with the chain linking machine, warj) stop 
motions, automatic weft supply mechanisms, terry towel motions, box motions, 
jacquards, and individual motor drives. 

In Part II, no new matter is introduced in the text, but minor errors which 
cxjcurred in the first edition have been eliminated, and references are made to 
later work of Mr Woodhouse, particularly in regard to yarn diameters and cloth 
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* competitors and schools. In the latter connection, indeed, it is felt that the 
influence of the operation of the competition is of incalculable benefit to all con- 
cerned. In this year's competition, particularisation as to the structure of the 
fabrics has been well carried out, and the Committee is pleased to be able to 
report the registration of a high average of marks in respect of the costing of 
cloths. Some amount of weakness persists, however, so far as classification is 
concerned, and future competitors would be well advised to give more attention 
to t!ie requirements in respect of fitness for purpose. Too often, the impression 
arises that classification may have been considered subsequent to rather than at 
the outset ol production of the cloth, and that such proceeding has inevitably led 
to unsatisfactory classification along wdth unsuitable colour selection. Careful 
choice of suitable yarn for a particular cloth, followed by experiment with regard 
to the most desirable particulars, weave, and colour, together with constant 
attention to the purpose for which the fabric is intended would be much more 
likely to yield a better result. 

The (^nimittee offers suggestions as to revision of the scheme and conditions 
which it is hoped may be acceptable. In proposing the addition of a Single 
Specimen Competition, the Committee is only actuated by a desire to extend the 
scope of the i ompetition, and in this way to bring the t ompetition into line with 
other schemes of similar character." 

Textile Institute Diplomas 

Election to Associateship has been completed since the appearance of the 
previous list (August issue of this Journal), as follows — 

ASSOGIATESHIP 

KIRKWOOD, Robert Edwin Alexander (Lurgan, N. Ireland). 

Institute Membership 

At the September meeting of the Council, the following were elected to 
membership of the Institute — ^I’rof. H. J. Ball, S.B., B.C.S., Lowell Textile 
Institute, Lowell, Mass., U.S.A, (in charge of Textile Engineering Department); 
Cico. BaiKToft, 102 Market Street, Thornton, Bradford (Waxehouse Manager); 
Wm. Brown, M.Sc. (Leeds), A.I.C., 32 Craignair Hoad, Tulse Hill, London 
S.W.2 (Works Chemist and Manager), A. Crawford, K.C., M.A., LL.B., Bank 
Buildings, i6a St. James’s Street, London, SW’.i (Chairman, Scottish Flax- 
spinners’ and Manufacturers’ Assen,); E. Dewhirst, 24 Ash Mount, Great Horton, 
Bradford, \"orkshirc (Foreman Overlooker); C. S. Edwards, American Consulate, 
47 Market Street, Bradford, Yorkshire (American Consul); M. C. Ghia, 24 
Elphinstone Circle, Fort, Bombay, India (Merchant and Partner) ; G. Greenwood, 
Darnley Square, Kaiapoi, New Zealand (Works Manager); Emil Honegger, 
85 Susengergstrasso, Zurich 7, Switzerland (Professor, Eidgenossische Technische 
Hochschule); O. Jackson, Hillhead, Cully backey, Co. Antrim, Ireland (Works 
Manager, Bleach and Dyeworks); Y. S. Mirza, 57 Mirza Building, Nusserwanji 
Petit Street, Bombay No. 7, India (Examiner of Stores). 

REVIEWS 

Dm Polysaccharide. By Hans Pringsheim. Third edition. Published by 

Julius Springer, Berlin, 1931 (viii — 393 pp. Bound. 26.80 RM.). 

The considerable advances which have l^n made in sugar and polysaccharide 
chemistry since ^be publication of the second edition of this work (1923) have 
necessitated a practically complete rewriting and a very considerable .enlargement 
for the third edition. This embodies the literature published up to February 
1931. The book* is divided into two parts, of which the first (60 pages) deals 
with the simpler, readily crystallisable 8ugar*like di- and tri-saccharides (maltose, 
cane sugar, etc.). Following an account of the classification and nomenclature, 
the methods of research which have been employed in elucidating the constitution 
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of these bodies, and also methods of synthesis, are discussed. The second part 
of the book is devoted to the class of complex polysaccharides of which cellulose 
and starch are typical members. This part is divided into ten sections. Section I 
(36 pages) deals with cellulose, its occurrence, properties, and chemical degrada- 
tion. In connection with this last subject it would have been useful if fuller 
reference had been made to recent textile-chemical investigations, particularly 
those of Clibbens and his co-workers. The next section gives an account of the 
so-called incrusting substances which are found in association with cellulose in 
vwous plant tissues (li^in, hemicellulose, etc.). Section III deals with the 
microbiological degradation of cellulose and its role in soil chemistry, while the 
next section deals with degradation by ferments and the digestibility of natural 
products which contain cellulose. Sections V and VI (43 and 2c> pages) are 
devoted to starch and glycogen, their occurrence, i)roperties, and chemical and 
fermentative degradation. Section VTT deals with dextrine and similar bodies 
and Section VIII with inulin, hemicelluloses, chitin, etc Finally, there are two 
sections dealing particular^ with problems of constitution, the fornu r devoted 
to general methods and principles and the latter to the constitution of particular 
polysaccharides, more especially starch and cellulose. In these chapters, inter 
aliat the X-ray spectrographic method of investigation is considered, together 
with the various methods by which the m’olecular complexity of highly poly- 
merised compounds has been examined during recent years. In dealing with 
cellulose and starch very full references are made to investigations which have 
been made in countries outside Germany but with pectin and hemicelluloses, 
and to a certain extent with lignin, we miss a number of references to the Fnglish 
and American literature. In particular, one expected to find a mention of the 
work of Schryver and others on pectin and of O’JJwyer, Norris, Mehta and others 
on hemicellulose and lignin. There is also no reference to Sucharipa’s work on 
pectin. As a summary and crititjue of the very extensive literaturt' relating to 
polysaccharides this new edition should prove of very considerable value to those 
whose interests are in this field. Very lew typographical errors were noticed, 
but in the volume sent for review a poition of the Table of Contents has been 
omitted. C.R.N. 

Jute and linen Weaving. Part I — Mechaniem, and Part II— Calculations and 

Structure of Fabrics. Hy Thomas Woodhouse, F.T.I., formerly of Dundee 

Technical College and School of Art, and Tlioinas Milne, formerly of Dun- 
fermline Textile School. Second edition. Published by Macmillan (Sr Co. 

Ltd., London. (Part 1 , 582 pp. and index, 15/- nett, and Part IT, 201 pp. 

and index, 7/6 nett.) 

Although the second edition of Part I of the abo\e work appeared as long ago 
as 1914, an oversight on the part of the publishers prevented any reference to 
the book being made in the columns of this Journal. The app» araiice ot a second 
edition of Part IT renders the jiresent moment opportune for a brief review of 
both volumes. 

Part I deals mainly with the meclianisms employed in the prcp.iration ol 
warp and weft for the loom, and with weaving appliances, wliile Part II may 
be regarded as a companion volume dealing with most types of weaving cal- 
culations and closing with a section discussing the mathematics of cloth structure. 
As mentioned above, a second edition of Part I was issued several years ago, and, 
to meet a recurring demand, a second edition of Part II has now been found 
necessary. Owing to the death ol Mr. Milne a few years ago, the work involved 
in the preparation of the second edition of Part 11 has been carried out wholly 
by Mr. Woodhouse. These books are well known to textile men and may almost 
be regarded as classics amongst jute and linen students. As regards Part I, 
a complete revision was found necessary, and in addition to the replacement ol 
several of the original illustrations by more modem examples, lurthcr matter, 
including 108 new illustrations and the accompanying text, has been inserted. 
The new matter deals principally with the chain linking machine, warp stop 
motions, automatic weft supply mechanisms, terry towel motions, box motions, 
jacquards, and individual motor drives. 

In Part II, no new matter is introduced in the text, but minor errors which 
occurred in the first edition have been eliminated, and references are made to 
later work of Mr Wcxidhouse, particularly in regard to yarn diameters and cloth 
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structure, whUe easy reference is facilitated by the addition of a good index. 
For the sake of those unacquainted with the former editions, it may be mentioned 
that Part I is divided into 22 chapters dealing with yam counts; reeling, bundling, 
and setting; warp winding; weft winding; warping, beaming, and dressing; 
drawing-in, reeding, and weaving; shedding; tappet driving and setting; sup- 
plementary shedding motions; jacquards, shedding, mounting, etc.; picking and 
beating- up; let-off and take-up motions; box motions; auxiliary motions, such as 
warp protectors, weft forks, etc.; terry towel motions; automatic weft supply; 
selvage motions; and methods of driving looms. The lucid explanations of these 
practised writers are enhanced by the inclusion of 305 illustrations, mostly well- 
arranged line drawings and explanatory diagrams. The subject matter in 
Part II embraces eleven chapters covering yarn and twisted thread counts; 
warp and weft setts and porters; warping; warp, weft, and jute and linen fabric 
calculations; prime costs and analysis of fabrics; yam diameters and their 
structural values; and fabric structure. In addition, there are 38 illustrations, 
including photographical reproductions of typical jute and linen fabrics. There 
is a slight overlap]>ing in the material dealing with yam counts, setts and porters, 
and if a third edition of Part I is published, the relative matter therein might 
with advantage be omitted, lloth books will be found useful to all engaged in 
the textile industiies and practically essential to those in the jute and linen 
branches. A.B. 


GENERAL ITEM 

Special Summer Ciourse for Textile Teachers 

The short courses for teachers in technical and other schools, promoted 
annually by the Board of Education, were again held during July of the present 
year. The course in textile subjects organised by Mr. J. E. Dalton, H.M. In- 
spector, took place at the Westminster Training College, London, from the 20th 
to the 31st July. The work in textile technology vas conducted by Professor 
W. E. Morton, assisted by Mr. Slattery, of Manchester. The gymnasium of the 
College had been temporarily equipped so that facilities were available for the 
testing of fibres and fabrics, both by mechanical and microscopical means. 
Special classes in microscopy were conducted at the Chelsea Polytechnic by 
Messrs. Lacey and Berkeley. The course was interestingly planned and, in 
addition to experimental work, many special lectures were provided. Mr. F. 
Scholefield, of Manchester, lectured on “The Bleaching of Cotton Hece Goods'*; 
Mr. W. A. Hanton on “Improving the Power Loom*'; and Dr. J. B. Speakman 
(Leeds) contributed two papc’rs on “Recent Develupmeiits in the Study of Wool 
Finishing I'roce.sses,’* with lantern illustrations; Dr. Speakman also lectured on 
“A General Theory of Wool Dyeing. “ The subject t)f “l eaching Methods’* was 
dealt with in a series of three papers by Mr. J. Wilson, H.M.L, and Mr. Harold 
Salt, H.M.I., presided over a number of the lecture meetings. Mr. Norman 
Jones, of Bolton and Manchester, contributed an exhaustive paper on “The 
Teaching of Practical Spinning.*' Owing to the unavoidable absence of the 
author, the lecture was read by Mr. Dalton, and it was agreed that in view of the 
exceptional interest of the contribution to teachers of spinning, endeavour be 
made to secure typewritten copies for the teachers in attendance. Two or three 
educational excursions were arranged, including visits to the Home OflBce Museum, 
to a silk factory associated with the old Spitalfields silk weaving industry, and 
also to Battle Abbey and Bodian Castle. The Westminster College, with hostel 
facilities, provided an excellent centre for the special course, and the teachers in 
attendance pursued their studies and experimental work with marked enthusiasm. 
Mr. J. I). Athcy (General Secretary) attended as the representative of the Textile 
Institute, and on one afternoon contributed a short address on the Institute's 
(jualilication scheme and the regulations governing awards of the Associateship 
and Fellowship. -Amongst occasional visitors during the period of the course 
were Mr. C. C. Hawkins and ('ol. French, of the City and GuUds of London 
Institute, who expressed warm appreciation of the character of the whole effort 
in the interests of technical education. 



THE JOURNAL OF THE 

TEXTILE INSTITUTE 

Vol. XXII OCTOBER iq^i No. lo 

PROCEEDINGS 

Lancashire Section 

MeriiKf; at the Geographical Hall, Manchester, Wednesday, ^oth Septembtr 1931; 

Mr. W. T. Boothman presiding. 

THE SUSPENSION OF THE GOLD STANDARD: 

CAUSES AND CONSEQUENCES 

By Cl. W. Danikls, M.A. 

(Professor of Political iLconomy at the Uiincisilv of Manthi'slet) 

Whatever views one may hold as to the exact degree of imperfection with 
’Vk hich the gold standard performs its functions, it must be apparent to all that its 
suspension in this country is an event of immense importance. Potentially it 
ranks in importance with what are regarded as the crucial events in the world's 
history, but whethiT, in actuality, the event will prove of this character no one at 
the moment can say. What can be said is tliat it is an event which, to cope with 
its potentialities, will make a call upon all the wisdom, foresight, and strength of 
character that we possess. 1 am not concerned to argue whether tlie gold standard 
is an imperfect standard, or that more perfect standards arc conceivable, and that 
now we can seek a better standard, or ma> be do without any definite standard at 
.ill. The pressing consideration at the moment, perhaps for man> months in the 
future, is that, in this country, the gold standard is suspended. What does its 
suspension mean ? 

In order that my later remarks may be clear it is necessary to say a few words 
on the functions which the gold standard performs. The main function of the 
gold standard is that when a country adopts and adheres to the standard, the 
value of its currency is linked with the value of gold, with the consc(iuencc that 
fluctuations in the value of this currency are limited by the fluc tuations in the 
value of gold. It follows, therefore, that so long as the country adheres to the 
gold standard anyone who posses.ses or has a claim on the currency of the country 
virtually in the position of possessing or having a claim upon gold. The guar- 
antee that this is the case is that if this person desires lie can, by complying with 
the regulations governing the gold standard of the country’, exchange the currency 
for gold. In pre-war days we could actually exchange our currency for gold coins, 
and under the post-war arrangements this exchangeability has held in substance 
though there are differences of detail. One immensely important consequence of 
this arrangement is, that, so long as a country adheres to the gold standard, its 
currency cannot be inflated in relation to gold. If inflation is threatened the 
result wrill be that the currency will be exchanged for gold, from which it follows 
that if a country adheres to the gold standard it must keep its currency within such 
limits as will ensure its exchangeability for gold. Obviously this does not mean 
that every item of currency must be exchangeable for gold if all these items were 
presented at the same time; exchangeability means that all those who desire at 
any particular time must be able to exchange their holdings of currency for gold. 
The gold standard is therefore an automatic safeguard against inflation — when a 
B 
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country which has had a gold standard departs from it this automatic safeguard 
goes. It does not necessarily mean that inflation will take place, but the auto- 
matic protection against it which the gold standard gives has gone — the danger 
therefore to which this country is now exposed is the danger of inflation. In view 
of continental experience in recent years I do not think 1 need dwell on the 
character of this danger. One can only hope that these recent examples wDl be 
sufficient to ward off the danger. It is not sufficient, however, to recline at ease 
and say that inflation will never be allowed in this country. On the contrary, 
until we again reach smooth water, the danger will be present, and it will require 
constant vigilance and an immense strength of will to resist it. Of all economic 
poisons there is none so deceptive and destructive as inflation, but it is a poison 
we are not obliged to take; the essential thing is that it should not be offered. 

The second large function of the gold standard has particular reference to our 
relations with other countries and especially to the trade which is carried on with 
them. From what I have said of the position of the currency of a particular 
country in relation to the gold standard, it will be (^uite clear that when other 
countries adopt and adhere to this standard, there must be a continuous and close 
relation between the values oi their currencies. 'I'he practical effect is, of course, 
that, as between these countries, there is a definite t)l)jcctive basis on which trade 
is carried on, the basis as between the countries being given by their parities of 
exchange in terms of gold. So long as the countri(*s adhere to the gold standard 
again the fluctuations of the exchanges arc limited by their being tied to the 
objective standard, gold. 

Apparently if the exchanges of the various countries are each linked to gold in 
the way I have described, their currencies must also be linked to each other in the 
sense that the currency of one country will have the same value— or, better, the 
same purchasing pwjwcr as that of the others. If the purchasing power of the 
currency of one country falls below that of another country it is evident, seeing 
that they are all linked with the common standard gold, that those who possess 
or have claims on the currency of the country whose value or purchasing power 
has fallen below that of the others will seek to exchange it for the higher valued 
currencies — the method, if need be, being first to exchange it for gold, and then 
gain po.sseasion of a currency which has maintained its parity with gold. On the 
assumption that the country in question cannot provide the gold it means that it 
has failed to maintain the gold standard; its currency will not now be connected 
by a definite objective link with the currencies of the countries that are still on the 
gold standard; its currency will now be valued in relation to the other currencies 
by what those who hold these currencies consider that it is worth at any particular 
moment in terms of these currencies. These values arc of course what are ex- 
pressed in the rates of exchange. Under these conditions the limitation on the 
fluctuations of the exchanges which exists under the gold standard has gone, with 
the consequence that the exchanges may fluctuate widely. Trade tends to 
become a speculation in which large losses or gains may be made by individuals 
owing to the operation of forces more or less beyond their control. Under such 
conditions a healthy condition of trade is almost an imiiossibility. The centre of 
gravity of trade which ought to be in the future is too near the present. 

This again is exactly the position of this countr)' now that the gold standard 
has been suspendwi. Stated simply the position is that we have not been able to 
meet all the claims that have legitimately been made upon us to meet our obliga- 
tions in gold; we have suspended the gold standard, and our currency has now to 
find its level in, terms of other currencies at the value which is placed upon it by 
those who hold or have a claim upon these currencies. What this meant 
is that whereas when we were on the gold standard £i was worth just over 
124 French francs or 4 86 d<^lars, on Monday. 28th September, it was worth 
98 French francs or 3*83 dollars; or stated in another way, whereas ;£i in currency 
was worth the amount of gold in a sovereign, it is now worth the amount of gold 
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or of currencies based upon gold represented by about 15s. gd. Stating the posi- 
tion in yet another way it means that the prices of imports which in terms ol gold 
or of currencies still based upon gold would be £1 are on the basis of this exchange 
about 25s. 6d. On the other hand, it means, on the assumption that prices re- 
mained the same as before in this country, that whereas, when we were on the gold 
standard, it would require about 124 French francs or about 4-86 dollars to buy 
£i worth of our exports, now the exports can be bought for q8 French francs or 
3*83 dollars. It is evident, therefore, seeing that our imports have become dearer 
in terms of our own currency, and our exports cheaper in terms of foreign curren- 
cies, so long as this position holds, there will, on the one hand, be an impulse to 
a restriction of our imports and, on the other hand, an impulse to an extension of 
our exports. The relative extent to which these two impulses will f)perate has yet 
to be seen. In fact, until a stage is reached at which the relations 1 h tween the 
various currencies become stable, any discussion of the matter may appear, from 
the point of view of what will actually happen, very much in the air. However, 
in considering the operation of the two impulses, and stating the position in 
academic language, much will depend upon the elasticity of the foreigners' ciemand 
for our exports in relation to the elasticity of our demand for our imports, and 
in this connection it is not too encouraging to find that in 1930 no less than 70% 
of our total imports were foodstuffs and raw materials'— about five-eighths ot our 
foodstuffs and about four-fifths of the raw materials of our industries come from 
abroad — ^while yCy% of our total exports in 1930 were manufactured goods. 
(1030 — Ketained imports, foodstuffs and raw materials, ;£()64,ooo,ooo; exports, 
V K. manufactured goods, ;f44o,ooo,ooo.) 

It would appear, therefore, that the elasticity of our demand for imports will 
probably be rather small. But we must have them; we cannot do without food- 
stuffs and raw materials even at the higher prices in terms ol our numey. Such 
being the case, it is evident, therefore, that, when available stf>cks are exhausted, 
and if the present po.sition continues, a con.sidcrable rise in the prices of imported 
focKlstufls and raw materials is inevitable. But what of the elasticity of the 
foreigners' demand for our exports — mainly manufactured goorls ? Well, as we 
have seen, in terms of their currencies, if based upon gold, these exports will tend 
to be cheaper, but what the effect will be on the total demand it is imjKissible to 
say. Obviously an important con.sideration is — How much cheaper ? Evidently 
in so far as imported raw materials enter into the exports this will be an item 
leading to a rise 111 their costs of production. On the other hand, in so far as they 
can be produced in larger volume, this will tend to reduce the overhead co.sts per 
unit of output. Imrther, in so far as the factors nece'-sary for their production 
can ]>e obtained at present prices, costs will not be increased on this account, 
l^csumably, fixed interest costs will lie lightened but, cm the other hand, the fact 
that foodstuffs are likely to increase in price, intrcxluccs an element of doubt as 
to whether for iin indefinite period, other factors will be obtained at present prices. 
It will, I think, be evident without further discussion that how far our exports will 
have an advantage through the lowering of their prices in terms of foreign curren- 
cies based upon gold wdll depend upon the extent to which the costs of production 
of our exports in terms of our currency are not raised above the present level. 
Moreover, in thinking of these c'osts it w^ould be foolish to ignore the possibility 
that, if the pressure of our exports is felt to be too strong in foreign countrii s the 
tariff barrier may l>c utilised against us. However the raising of costs is occa- 
sioned, it will be clear, that to the extent to which these exists are raised, the 
advantage which might be derived from the exchange disappears. If these costs 
are so raised that this advantage disappears altogether we shall be in no better 
position, perhaps in a worse position, than before. It must not be imagined 
that a country which was regarded as the centre of the world's monetary system 
and trade, and whose currency was to a large extent the international currency, can 
make the departure which has been made and everything else remain the same. 
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To imagine this is as futile as to imagine that when a complex machine is dislocated 
it will perform its function as well if it is dislocated still more. It is much niore 
likely that the suspension of the gold standard in this country with its reactions 
upon the already sickly state of confidence in the world will prolong rather than 
shorten the world depression of trade. 

Again I am obliged to say we have been compelled to embark upon a venture of 
which no one can clearly visualise the result. Of one thing we may be quite confi- 
dent. The venture is not one to call forth elation in the expectation that, in itself, 
it will usher in that improvement of the economic situation which has been so 
anxiously awaited since the conclusion of the war. In its ver>' nature the venture 
cannot be a real remedy. At best it is a regrettable nece‘'bity, out of which good 
can come only if it compels us fully to face the facts of our position and then impels 
us to overcome them in the only real way; by hard persistent work, far-sighted 
enterprise, aided by an abundance of capital, without too much regard as to 
whether the reward of our efforts is as great as we think it ought to be. 

The necessity for this becomes clear when we seek for tlu* causes c>f the present 
position. Some of these causes are no doubt external rather than internal to this 
country ; they are involved in the economic depression under which tlie world has 
suffered for the last tw'o years. On the other hand, there are causes intenial 
rather than external to this country, and these causes have been in operation for 
a much longer period. I'o understand the jiosilion it is essential to bear in mind 
that we are pre-eminently a country engaged in foicign trade. Our industrial 
structure* has been built up and, at the present time, exists as adapte cl to this trade. 

Generally, our manufacturing industries are much larger than would meet the 
rc<iuircments of the home market and, as a consequence, other industiics are 
smaller. Already I have mentioned that about fi\e-eigliths of onr foodstuffs and 
about four-fifths of tlu* raw matenals of our industnes have to be imported. 
As we know' in Lancashire, the c'otton imlustry is far larger than would be 
needed to supply the home market. These two tacts arc obviously related and 
closely connected with them is the further fact that our trade extends to every 
part of the w'orld. It is the character and extent of this trade, togetl^T with the 
world-wide services of Ifrilish shipping and the ramifications of British invest- 
ments, with a faith m the integrity of this country, that has made London the 
centre of the world's monetary system and trade. As you know, the finance of a 
very large portion of vJie world's trade, not merely that between this country and 
others, is carried on through London. Our finance inciustr)’ is emc of our largest 
industries. Essential to the satisfactory working of this industry is that, at all 
times, the available world credits of this country should exceed her debits. If 
they do not, this finance industry must be seriouslv affected. These credits, of 
course, arc made up mainly (»f our exports of merchandise-goods produced wathin 
the country and exported — and largely of serv’ices, of which the two chief are 
shipping services and financial services, and, in addition, the credits on our overseas 
investments. The debits, on the other hand, are composed of our imports of 
merchandise together with similar items to those just mentioned. Normally, 
on balance, our world-credits have largely exceeded our world-debits, leaving a 
large surplus which has been the source of the countiy^’s financial strength in the 
world. The significant fact is that in po.st-war years this credit surplus, in terms 
of money, notwithstanding the higher level of prices, has never reached its pre-war 
dimensions, w'ith the result that our position has been w'eaker at a time when the 
stresses and strains have been greater — 

Avt'rage 

1913 1924 1925 1926 1927 1928 1929 1930 1931 1924-30 

Surplus /M ... 181 86 54 9 114 137 138 39 — ? 82 

What is the explanation of this decreased surplus ? Obviously it can 
be explained either by a relative increase of our debits, or a relative 
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decrease of our credits, and these debits and credits are each composed of mer- 
chandise and services. It is, of course, well known that our post-war imports 
of merchandise, in terms of money, have greatly exceeded our pre-war imports. 
Also it is true that our post-war exports of merchandise, in terms of money have 
exceeded our pre-war exports, but the excess has been much less than in the case 
of the imports. The position in this respect is indicated in the fact that whereas, 
in 1913* OUT total exports of merchandise, in terms of money, represented 83% of 
our total imports of merchandise, for the years 1924-30, the average has been 68 
per cent. In the years 1924-30 our imports of merchandise, in terms of money, 
have exceeded the 1913 imports by an average of 58^0, while our total exports of 
merchandise, in terms of money, have exceeded the 1913 exports by only 31 per 
cent. On the other hand, our nett shipping income in the vears 1924-30 has 
exceeded the 1913 income by an average of 36%; while our nett income on invest- 
ments, in the same years, has exceeded the 19X3 income by an average of 24 per 
cent. Again, the nett receipts for financial services, in the same years, have 
exceeded the 1913 receipts by 145 per cent. Of the total of these credit items 
for services as distinct from merchandise, sliipping income which in 191 3 accounted 
for 28‘JJ,, in the years 1924-30 accounted for an average of 27%; the correspond- 
ing figures for receipts for financial services being 7*5 in 1913, and 13% for 
1924-30; investment income 02% in 1913, and 53% lor the years 1924-30. 
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Year | 

Total 

Imports 

Total 1 
Exports 1 

1 

as a 

Percent- 
age of 
lni])ort.s 

1913 

; 100 

100 1 

83 

1924 

166 

148 ; 

I 

1925 ' 

172 

146 ' 

70 

1926 , 

162 

123 

63 

1927 1 

! 159 

131 1 

1 68 

1928 

156 

133 

71 

1929 1 

160 

131 

69 

1930 

130 

104 ' 

1 

63 

Average 

1924-30 

1S8 

1 

131 

1 

68 
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Shipping 

1m nance 

Investment 

Service 

Income 

1 iicome 

Income 

Credit 

Items 

100 (2»%) 

1(K) (7-5%) 

100 (62%) 

100 

149 

240 

105 

121 

132 

240 

119 

130 

138 

240 

136 

140 

149 

252 

136 

146 

138 

260 

129 

143 

138 

260 

129 

146 

110 

220 

112 

127 

1 

136 (27%) 

245(13%) 

124 (55%) 

1 136 
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On the whole our credits for services and iin estments have kept up better than 
our credits for our exports of merchandise, especially so iH'aring in mind the extent 
to which our overseas investments were depleted for the purpose of hnanciiig the 
war. The centre of oiir weakness is obviously the failure of our exports of 
merchandise to maintain their relative position w'lth our imports. This failure 
has reacted on our shipping income, and on our income from investments, for the 
deficiency has meant that funds which would have been available for investment 
have had to be utilised to pay for our imports. The ]>osition may perhaps be seen 
in a clear way by some figures w’hich show the extent to w'hich our services and 
investment credits have had to be utilised in 19x3 and 1924-30 to pay for the 
excess of our imports over our exports of merchandise, in percentages— 

1913 1924 1925 1926 1927 1928 1929 1930 1931 

46 79 88 98 77 72 73 91 ? 

What these figures show is that whereas in 1913 only 46% of the service and 
investment credits had to be drawn upon, between 1924 and 1930 the percentage 
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has never fallen below 72%, in the fateful year 1926 it increased to 98%, last year 
to 91%, and this year it appears that these credits may be far from meeting the 
excess. The present situation is thus brought to a focus. 

The immediate cause of the present crisis which has resulted in the suspension 
of the gold standard is the world slump that began to appear in the latter part of 
1929. This slump has found expression in a dislocation of the world's economic 
mechanism which was working in a very uncertain way before, largely owing to 
the difficulties arising from the problem of war debts and reparations and from the 
intensified policy of tariff barriers to trade. With the slump the working of this 
mechanism has slowed down and accentuated difficulties already present. Certain 
countries were in a position of exceeding instability and, with the slump, they have 
been brought to the verge of collapse and world confidence has been shaken. No 
matter how .strong the position of this country as a centre of world finance and 
trade had been, its strength would have been severely tested. At a time when wc 
needed larger world credits in relation to our debits, these credits have been 
reduced by the world slump — it has deletenously affected the luit income of our 
services and investments, which on the whole have shown gocxl progress in 
recent years, and it has made still worse the relative position of our exports of 
merchandise, a position which, in fact, was tending to become worse even before 
the world slump appeared. 

Such are the cause's which I mentioned as being external rather than iiitcnidJ 
to the country. But now for the causes w'hich are internal rather than external 
to this country. In tlie first place it is of the very greatest importance that we 
make no mistake about this fundamental fact that the industry and trade of this 
country were in a state of depression, with a vast army of unemployed, before the 
world slump. Of the world generally this is not true. The world generally was 
forging ahead, so much so that it is estimatc<l that world trade in J929 exceeded 
pre-war world trade by some 25 per ccMit. During the same period our trade 
diniinishc'el by about 13 per cent. It is this diminution in our trade, w'hile that 
of the world increased, which is the vital consideration for the people of this 
country. What is the explanation ? All I shall do is to gne some figures which 
are focxl for thought — 


Total Imports 


Kxj)orts V K Produce 
and Manufactures 



Average Valu<*s 

A olumes | 

Average Values 

Volumes 

1913 

100 

100 

100 

100 

1924 

155-0 

107-4 i 

188-9 

80-1 

1929 

133-6 

119-0 

160-0 

86-8 

1930 

117-3 

116-0 , 

152*7 

71-0 


What these figures mean is that in 1913 a person with £100 could purchase a 
composite unit of imports or U.K, exports. In 1930 this person would have to 
pay £iiy 3s. for the imports and £152 7.S. for the exports, and so for the other 
year.s. While wc recognise the existence of causes over which wc have little 
control, may not this be the supreme explanation of our relative position, of why 
our volume of imports is what it is, and our v olume of exports what it is ? Are 
wc to suppose tbat our position would hav'e lieon what it has been in post-war 
years, and is now, if the disparity between the prices at which we have supplied 
our exports and the price at which our imports have been supplied had been less ? 
It is hard to suppose that. If we cannot suppose it, it means that not only to 
recover something of our former position, but to maintain it as it is at present, 
this disparity will have to be lessened. Prices we know are related to costs. 
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It would appear, then, that if this country is to continue to maintain even its 
post-war position in world trade, these costs will somehow have to be reduced to 
bring them into relation with world costs. If, on the other hand, it should prove 
that these costs cannot be reduced, so as to give appropriate prices; if no large 
recovery is possible with our present industries; if the world has permanently 
ceased to buy from us those products which our industrial structure has been 
adapted to produce; the only alternative is to recognise the fact, and seek to 
adapt our industrial structure to other branches of activity which will find 
employment for our capital and labour, and resign ourselves to the standard of 
living which these branches of activity will yield. I'he large fact, which is so 
obvious that I need not emphasise it, is that we have reached a critical stage in 
the social, economic, and political history of this country, a stage which will 
require all the wisdom, skill, determination, and power of sacrifice we possess to 
overcome it. 

In this address 1 have confined myself mainly to the immediate situation and 
its difficulties as they relate to this country. It is this situation and these diffi- 
culties with which we are pre-eminently concerned at the moment, and we 
may reasonably hope that they will be coped with. But there will still remain 
much of the world-problem of which the present crisis is a manifestation. With 
this problem no nation can cope alone; it is an international problem. It is no 
exaggeration to say that, until it is so treated, the social, economic, and political 
future of a very large part of the world will continue in a State of precarious 
uncertainty. 

The Chairman, in introducing I*rofessor Daniels, said that a very suitable 
subject and lecturer had been selected to commence the Lancashire Section's 
winter session. He commented on the fact that wc were living in extremely 
difficult times, and it seemed to him that at the ])rewsenl time we ought to consider 
all economic subject.s on a National basis. He urged the appointment of a National 
('ommission to investigate f iscal Policy solclv from an ectmoniic standpoint. 
He welcomed the opportunity of listening to I^rofessor Daniels. 

Subsequently Mr. Bootliman said that Professor Daniels had given a very 
faithful, though perhap.s ruthless, diagnosis of the situation. He called upon 
Mr. Frank Wright and Mr. W'. W. L. Irishman to propose and second a vole of 
thanks, which was heartily accorded. 


NOTES AND NOTICES 

Examination in General Textile Technology 

The next In.stilule Examination in General Textile Technology, in connection 
with applications for the Associateship, has been fixed to take place on the 9 th 
December. The examination will be conducted at Headquarters, Manchester, 
and at certain other centres according to the number and location of candidates. 
For the first time, it is expected that arrangements will be effected for the conduct 
of the examination in overseas countries. Negotiations are proceeding in respect 
of candidates in India (Bombay), South America (Buenos Aires and Sao Paulo), 
and South Australia (Mount Gam bier). 

Institute Annual Competitions 

The entries for the above-named Competitions, in reference to the design and 
structure of woven fabrics produced by students at Tcchna^al Colleges and Schools, 
are satisfactory, not only in number, but in the matter of better representation 
of districts. The specimens of competitors have already reached the Institute 
and the Competitions Committee are proceeding with the work of adjudication. 
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The prize distribution ceremony is fixed to take place on the aitemoon of Satur- 
day, 5th December, and the preceding day, Friday, 4th December, the exhibits 
will be displayed in the Geographical Hall aliove the Institute's Rooms at Man- 
chester. 


Library Facilities for Members 

The development of the Library, by continuous accession of additional books 
and periodical textile literature, and by the extension of loan facilities, has 
resulted in a marked increase of demand in connection with this service. In- 
creased use of the Library is indicated by greater demands for the loan of books 
either by means of personal call, messenger, or postal request. Copies of the 
catalogue are available and are sent post-free to members at a charge of sixpence 
each. The Members* Room at the Institute premises now houses the main 
portion of bound volumes available, and also ciirrcnt textile periodicals, the 
range of which is exceptionally wide. There is ample accommodation for writing 
and reading, and telephone extension is jirovided for the use of visiting members. 


Lancashire Section Meetings 

The second item in the current session of meetings of the Lancashire Section of 
the Institute, fixed to take place in the Geographical Hall, above the Institute 
Rooms at Manchester, on the evening of Friday, 13th November, promises to 
prove of exceptional interest. A paper is to be contributed on "Cotton Textiles 
for Electrical ln.stallation,’’ by Mr. R. I. Martin, of the Engineering 

Laboratory of the Hritish Thomson-Houston Co. J.td., Rugby. Specimens of 
the textile matcnals referred to will be displayed and there will be lantern 
illustrations. Tlie subject has a definite bearing on the extended uses of cotton 
materials for industrial purposes. The paper will deal with the various uses 
of cotton yarns, tapes, and cloths for electrical insulation, various parts of electrical 
apparatus and machinery, whilst the important properties required and the 
principal methods of testing the materials will be indicated. The object of the 
paper is to give the textile industry a statement as to the purposes for wliich 
electrical engineers utilise cotton textiles, and to explain the particular reejuire- 
ments in regard to supplies. 


Midlands Section 

The Committee cf the Midlands Section of the Institute, under the chairman- 
ship of Mr. Thomas Morley (Leicester), has completed its work of arrangement of 
meetings for the current session, and already the printed programme has been 
issued to members in the Section area. The programme includes four meetings 
for lectures or discussion, and three visits to works. The first item was a paper 
on "Knitting Machine Developments," by Mr. John Chamberlain, F.T.I., Honorary' 
Secretary of the Section, on the 21st October, at Nottingham. On the nth 
November there will be a visit to the works of Messrs. Birkin & Co. Ltd., at New 
Basford, Nottingham, whilst on the gth December there will be a meeting at 
Leicester jointly with the distnet branch of the Society of Dyers and Colourists, 
when Messrs. J. B. I-ancashire and H. L. I^ng, B.Sc., A.I.C., will deal with the 
"Aims and Objects of Research in Knitting.** Events are arranged for January. 
February, and March of next year — ^at Hinckley, Ixiughborough, and Leicester 
respectively — and announcements will appear later in this Journal, 
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REVIEWS 

TIm FaB o( Prioet. By John A. Todd. Published by the Oxford University 
Ihress. (68 pp., 2S. 6d. nett.) 

Principal lodd of the Liverpool School of Commerce has written what he dc.scribes 
as “a brief account of the facts, the probable causes and possible cures*’ for the 
fall in prices. It is now a quarter of a century since Professor (histav Cassel 
formulated his “relative” gold anal^’sis, ten years since it w'as adopted by I^h- 
feldt, and five since it was applied to the monetary gold supply by Mr. Kiichin; 
and yet. apart from a brief reference (p. 29). Mr. Todd makes no mention of a 
method which revolutionised the treatment of gold ami prices. Instead, he 
reproduces, as in the earlier editions of his “Mechanism of Exchange,” the figures 
of gold output and annual prices, not even on a ratio scale, and w ithout a w'ord as 
to the existence of diagrams which give a much better picture of these relations. 
But, ignoring the calculations of Dr. Cassel, Mr. Kitchin and Sir lleniy Strakosch, 
and forgetting Mr. Keynes* distinction between the total stock of gold and the 
“free” supply, he accuses “those who put forward the th(*ory that the fall in prices 
is due to too little money” of “not taking the trouble either to prove by statistics 
that the amount of money has been inadequate, nor to show by argument why 
that amount must necessarily be in strict pro|X)rti(jn to the stock of gold” (p. 14). 
Accordingly he proceeds to supply what he suggests is the iirst “ornissk'n” by 
“an examination of the statistics,” characterised by misinterpretation of iigures 
in themselves irrelevant to tlie <iuestion. Similarly, in discussing tJH‘ division 
of the Hank of England’s gold between its two departments, lie ignores the valid 
criticism of the Acts of 1844 and 1928. 

Mr. Todd’s revised examination of the deflationary post-war jiolicy is Ic.ss 
satisfactory than that which he published in 1926. He now declares that in 
April 1920 the Bank “was forced to raise its rate to 7% in order to stop the infla- 
tion,” and that “immediately they had achieved their purpose, as witnessed by 
the upward movement of the Keserve, they began to reilucc it” (p. 25). In fact, 
however, the previous rise to 6",', had begun to take effect on prices in January 
1920. But this criterion was ignored by the authorities, and a 7% rate imposed, 
which was maintained until A])ril 1921, seven months after the Bank’s own 
inferior criterion, its Keserve, liad begun to respond. Moreover, deflation in 
•1920 was not “inevitable” as he suggests. The greatest opjionent of inflation. 
Dr. Cassel, urged that prices should be stabilised at the higher level, and that the 
evil of inflation should not be added to by the disaster of deflation. 

In his explanation of the crisis of 1929, Mr. Todd claims that the Bank began 
to reduce its rate “before the real fall in prices began” (p. 26). But the Board of 
Trade index which he uses is relatively insensitive, and the Statist and other 
indices began a continuous fall one or two months before Bunk rate. He then 
offers the figures of the joint stock banks’ aclvances and deposits (in themselves 
unsuitable for showring the circulation of industrial credit) as proof of the adec)uacy 
of credit facilities (p. 28), and actually ignores their trend. For it is not sufficient 
that advances should increase. In order that purchasing-power should be 
maintained, it is essential that the industrial circulation should increase propor- 
tionately to the potential volume of transactions. As it was, the total, after 
recovering from the collapse of 1929, is still much below the trend of 1926-28, 
which was far from rising abnormally. Finally he observes that bankers’ clearings 
“rose steadily from T921 to March 1930” (p, 29). On the contrary, they did not 
begin to rise until 1923, fell after the return to gold in 1925-26, and again in the 
last quarter of 1930. Moreover, the City clearings are even less relevant than are 
total advances, for they represent mainly financial transactions. 

It may be said that these are mere details, pardonable in a topical pamphlet 
by a busy School of Commerce Principal, but several fundamental errors follow. 
Mr. Todd thinks that the statistics of stocks of staple commodities show that 
“increased supplies had a great deal to do with the fall in prices” (p. 40). Of 
course there is little doubt that if the supply" of these commodities had not in- 
creased appreciably their prices might not have fallen, but the actual fall could 
only be attributed to increased supplies if these w'crc in excess of the world’s real 
requirements. In fact, increasing production is generally accompanied by rising 
prices; and Mr. Todd is confusing supply with st(K*ks, which increased as a result 
of the slump. But he has original theories as to the proper behaviour of prices. 
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Alter admitting that many primary prices have l:«en brought 
a»t of production.” he declares (p. 42) that the 

prices from the post-war boom ‘'should have continued, but was checked by me 
“fictitious" prosperity of America in 1928. Presumably he is referring to the 
decline after 1926, though why this should be regarded as proper would surely be 
as difficult to show as to maintain that American prosperity was any more 
“fictitious" than is the depression now ruling amid plenty. 

Mr. Todd concedes (p. 46) that if it is true that the world's capacity to produce 
is being strangled by monetary difficulties, then the position is simply intolerable," 
and that “As long as there is the faintest chance of this charge being true it is 
necessary to consider what can be done." But his consideration does not afford 
much help. Instead of admitting, as even Dr. Cannan does now, tl^t the 
monetary demanfl for gold is excessive or that minimum reserve ratios are 
absurd, he suggests that the banks* sterile hoards should be increased by 
“disa)uraging the use of gold in industry and the arts ... by imposing a 
tax on such uses" (p. 49). That is to say, the world is to be deprived of gold for 
useful purposes in order to pander to the notions of prestige and security yet 
current with the central banks and certain of their customers. The last ten pages 
of the pamphlet are good, but do not, in the reviewer's opinion, compensate for 
the deficiencies indicated above. G.B. 


A Qottary of Wool Temit. Published by Eavenson & Levering Co , Camden, 

New Jersey, U.S.A. 

Realising that each generation needs enlightenment as to the meaning and 
propt*r application of many of the* terms used in the textile trades, the compilers 
of this work have made a useful contribution to this end by combing diligently 
a numlier of reference Ixioks bearing on the raw material section of the wool 
industry, and as a result have produceti a glossary of wool terms which if generally 
used will prevent much misunderstanding in the future. The book, excellent as 
it is in its definitions, onl^^ touches the fringe of the subject Every Wiiol centre 
has coined for itself words which have little or no significance outside its own 
circles, 'i'liis is partu ularly true in this connection, as many of the terms and 
definitions are oi distinctly American origin and use. While many of the terms 
defined are in use in English W(X)I areas, others are included which have long 
been obsolete in tliis country, particularly some which used to be employed for 
sortings of English wools. The book is handy in form, the delinitions concise 
and clear, and may be recommended as of especial value to those desirous of 
becoming acquainted with the wool terms as generally used in America. J.D. 

Deutschmr Fudbarkaleiidcr 1931. Verlag Deiitsi her Farberkalender, Wittcnlierg. 

(I’ll. 236. Pnee 5 marks.) 

The current issue of this year book maintains the (juality of previous years as far 
as the variety and wide .scope of the subjects it deals with are concerned. In 
a book whose formal and general arrangement reveals its ambition to be in con- 
stant use as a p<x:ket iHxik, it is jierhajis of rather doubtful wisdom to increase 
the weight unduly by articles of general and historical interest, such as those on 
the application and influence of rayon in the textile industry, fastness in general, 
and an illustrated history of .silk dyeing in the eighteenth century, where the 
treatment gives one the impression that there is a rather too generous display 
of broad jirmciples. The more summary and tabular the article, the more 
appropnate is its inclusion in a year book. Te compensate for this, there are 
very interesting and topical treatments of spray printing, hand and mechanical; 
articles upon the control of the bleaching process and the testing of bleached 
goods. An article upcin strength testing of materials is welcome, as drawing 
attention to this rather casually regarding subject, although the article itself 
contains nothing very revolutionary. A simi>lificd scheme for the recognition 
of colours ui)on cotton fabrics is included. Of greatest interest to the dyer and 
dyeworks chemist is a tabular summary of new colours and auxiliary products 
introduced during the year, along with remarks on their application and properties. 
The list appears to be restricted to German and Swiss Arms. There is also a short 
summary of patent Literature, machinery innovations, and new books. The 
section which gives a brief digest of the syllabuses of German and other conti- 
nental schools of dyeing contains much information not otherwise easy of access. 

F.S. 
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ArtificMl OrfMiic Pigments and their Apiilications. By. Dr. C. A. CurtLs. Trans- 
lated from the German by Dr. Ernest Fyleman. lx>ndon: Sir Isaac Pitman 
and Sons Ltd. (pp. viii+2gi. Price 21s.). 

The German edition of this book has already been reviewed in this Journal 
(Dec. 1930, Vol. XXI, No. 12, page 1*203), most of the opinions expressed 
in the review apply to the English edition, which has been very adequately 
translated by Dr. Fyleman. In a special foreword to the English book, the 
author has made a graceful reference to the high standard of excellence of the 
work of English printers and the English varnish industry. The l)ook is essenti- 
ally a practical manual and perhaps, therefore, the plea in a former re\'iew for 
a rather more extended treatment of the theoretical considerations should not 
lie stressed too much in this notice. Since chapters on lake preparation have 
been included in the earlier part of the l)ook, it seems rather a pity that the newer 
views on chemical combination and the more extensive knowledge of the colloid 
chemistry of precipitation have not been marshalled as an aid to the closer 
understanding of a branch which presents so many practical difficulties. Signs 
of the times are indicated in the inclusion of references to the cellulose esters 
and substances of the artificial resin class as vehicles. The f'xtensive tables 
summarising the properties of the pigment dyestuffs have been supplemented 
in this edition by others covering the products of firms actively operating in this 
country. F.S. 

Filature du Coton. Le Cardage. Hy Louis Stiuler. Published by 1 / Edition 
Textile, Paris, 1031 (i()8 pag(‘s, 130 illustrations. Price; 55 francs). 

This book can be thoroughly recommended as giving a complete detailed des- 
cription of the mechanism tif the standard carding engines of British and h'rench 
manufacture, including accessories like grinding and stripping devices. We 
welcome the departure from the usual custom of crowding the whole of spinning 
into one text book, believing that the time is ri])e lor a series of monographs 
dealing more cxhau.stively than hitherto with sejiarato brancht‘s. The author 
does not attempt to di.si uss carding from the jioint of view of the cotton. His 
theory of the action of the card can be gauged by the repetition in his first para- 
graph of the old fallacy that carding parallelises the fibres, Wc would invite him 
to examine side by side card sliver and clraw-lrame sliver, and notice the difftTcnc'e. 

C.W. 

Chemitche undPhytikalitcheTechnologieder Kunitteiden. By Wilhelm Weitzien. 
Published by Akademische V.m.b.II., I-cipzig, igjo (\ix 1 521 pp., 261 figures, 
and 8 plates). 

This book is an achievement of some merit in so far as it deals with the whole 
subject of rayons from raw material to fini.shed produc t in ^00 pages. 

It is divided into three sections, the first of wliicli deal.> in two chapters 
(154 pp.) with the properties of natural fibres particularly those used as raw 
materials in rayon production — and the projierties of artificial fibres. In both 
these chapters there is an orderly account of morphology, chemistry, physics, and 
colloid chemistry of the subject mattei . 

It is a pity that the results deduced from inaccurate calculation in Knecht and 
Platt s work should be included on page 17 in dealing with absorption of c'austic 
soda by cellulose and that the author was not able to include the recent work ot 
Neale, which clarifies the whole subjirt of swelling and absorption of alkali.^ by 
cellulose on the Donnan eciuilibrium. The section is therefore already out of date. 
There is no mention of the extensive work done at the B.C.I.K.A. by Urquart 
on moisture absorption of cellulose materials. In discussing swelling the centri- 
fuge method of Conrad and Spencer should have been mentioned. This is jiar- 
ticularly useful as a commercial test of swelling. 

Early in Section II a good account of the physics of viscosity is given, though 
probably the account would not satisfy the physicists. The simple viscosi- 
meter depicted on p. 169 does give excellent absolute values, provided precautions 
are taken to standardise the instruments with, say, alcohol-water mixtures or 
concentrated sucrose solutions as recommended by the Washington Bureau of 
Standards. 

These general considerations occupy i6 pages, followed by a detailed con- 
sideration of copper rayon, 20 pages; viscose. 44 pages; nitro rayon, 8 i>ages; 
acetate rayon, 13 pages; and other processes, 5 pages. 
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The largest part of the book is Section III (216 pa^), which 
manufacturing side— twisting, reeling, winding, knitting, weavu^. w^^g 
faults, bleaching, bleaching faults, drying, and dyemg. This s^on is weU 
done in the compass allotted to it. One page is even devot^ to household 
washing and bleaching of rayons. The Mohr bleach and the Thicss (continuous 
hot acid steep) t>leach processes receive adequate attention, these being ap- 
parently common in Germany. Progreas in this direction would appear to 
depend now mainly on mechanical considerations. 

The mercerisation pnxress given on p. 480 for mixed goods, using a protective 
colloid for the rayon, is not the only one available. 

The dyeing, printing, and finishing of rayons is fully dealt with and there is a 


very complete list of fastness tests. 

In the perspiration tests given (pp. 403, 430) an alkaline treatment is followed 
by an acid treatment. In view of recent work on human perspiration would not 
the order l>e better reversed ? 


In spite of the general excellence of this work, which incorporates so much 
of modem methods, the reviewer is of the opinion that the last two sections could 
have been expanded and the first section cut out entirely. 

Is there the need (apart from that of .students) to deal with the physics and 
t hernistry of rayon l)ctwcen the same covers as the technology of it ? The 
technologist out to improve Ids products will want to wander over the whole 
field of physics Jind chemistry. 

The lxx>k is well got up and delightful to handle, both of which desiderata 
one has become accustomed to expect from these publishers. It has a detailed 
table of contents and adeciuate indexes. It is not priced but is probably about 
30 to 40 marks. 

It should be made available to all workers on rayon. F.C.W. 


Qotliiiif : An Account of its Types and Manufacture. By F. S. Brereton, C.B.E. 

Published by 13. T. Batsford Ltd., 1-ondon, 1931 (84 pp. and index. 4s. net). 
It is about a hundred years since the publication of Lardner’s Cabinet Encyclo- 
paedia, which did so much for the education of the jmblic in history, science, 
and manufacture, and in conseciuencc of so great a la])se of time, much that it 
contiiined, espiecially concerning the two latter subjects has become obsolete. 
Although there has been a continuous output technw'al works in recent years, 
there has been a dearth of such as treated their subjects in a leally popular 
manner, and at the same time sulhciently technical to l>c worth the attention of 
those engaged in the pursuits described therein, but the “Essentials of Life” series 
seems destined to be of great value in this respect. 

The volume under notice treating of clothing in its various aspects gives a 
rough outline of the history of the subject, from the skins and leaf clothing of 
primitive man and its development through the ages; not from the philosophical 
and metaphysical i)oint of view of Carlyle in Sartor resartus, nor expatiating on 
Beau l^rummel, C'ount P’Orsay, and the bucks of the last century, and with only 
a side glance at Savile Row and the modes of Paris, but, rightly considering 
that the mere history should be fairly well known to most readers of fair educa- 
tion and acquirements, the author has treated it briefly and concentrated his 
attention on the technitpie of the maniifactuie from the production of the raw 
material to the closing pnx.esses. The result is a series of descriptions of the 
various methods u.si*(l which are not only interesting to the general reader, but, 
writing as one who has some technical knowledge of more than one of these, the 
present reviewer can recommend for the perus^ of those engaged in the trades 
in question. 

Max is the first material dealt with as the most ancient fibre used in weaving 
(since it is probable tliat wool was first used in the form of felt) and its cultivation 
and the subset] uent processes for preparing it for manufacture into cloth are 
clearly and succinctly described. 

Cotton and wool follows, with a glance at the latter trade during the Middle 
Ages, when it was by far the most important manufacture in this country, and 
when the “Woolsack'* was established in the House of Ta)rds to keep Parliament 
in remembrame of its pre-eminence. The various meclianical appliances for 
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carding, spinning, and the weaver’s loom are explained and illustrated, from the 
time of the prehistoric cave dwellers and people of the lake villages to the amazing 
development of these machines during the past 150 years. The illustrations are 
well chosen and remarkably well executed, those of former times from old en- 
gravings and aquatints, the modem machinery evidently from careful photo- 
graphs. 

The culture of the silkwomi and the manufacture of this the premier textile 
industry forms the concluding chapter of this section, devoted to spinning and 
weaving. 

The making up of textiles as apparel under mass prcxluction is fully described, 
with a history of the sewing machine which has rendered such possible. It is only 
88 years since Hood wrote “The Song of the Shirt,” and it was at about the same 
date that Macaulay prophesied that in 1930 “machines constructe*! on principles 
yet undiscovered would be in every house.” The fulfilment of ihc prediction 
has rendered the poem now almost nicaningler.s. The author ailributes its 
invention to Hunt of Now York, for of course the credit goes to the man who 
first placed the eye of the needle in the point (all else have been improvements 
only), but the usual authorities give the honour to bllitis Howe, who patented his 
invention in 1846. 

Gloves and the treatment of furs are fully dealt with and there is even a 
chapter on indiarubber in its relation to waterj^roofs. 

An excellent account of modern boot manufacture is given, and is a rcvelaiion 
to those, and there arc many such, who nmiemln'r when it was. a pure handiiraft. 
It is now one of the most mechanised of trades, h'elt hats and “the topper” follow 
and the central subject of the boi'>k (clothing) concludes with a chapter on (ly^nng 
and cleaning, but there is a subsection giving a short a( count of fastenings pins 
and buttons, and there is nothing that more forcibly brings home to us what a 
revolution has been made in the wculd by machinery. The old books on political 
economy used to hokl up the making of pins and needles as examples of the 
division of labour when they were being made by hand, but if Adam Smith were 
to revisit the earth . . . In a volume treating so many and so diverse subjer ts 

it is perhaps inevitable that there should be a lew slips — 

]>. Kp — “Ten days from the time it (the silkworm) has been hatched it has 
grown from the minute thread it was a worm some 3 inches in length.” Ihis 
is about the size of the mature larva and the time should be six to eight weeks. 

P. 27 — “Hardly two hundred years ago the sjnnning wheel was invented.” 
It has been known in Europe from the Jourteenth century and in a rudt.* form 
was in use in the East from almost prehistoric times. 

It may be suggested that in a future edition some account should be given of 
the hosiery manufacture, a not unimportant branch of clothing; such would 
round off and complete a book which combines in a marked degree the merit 
of readableness with much technical yet popular information. H.G.Il. 

The BritUh Entire in 1950. A Peep into the Future. By Ch orge Moores. F.T. I , 
with an Introduction by Sir Gilbert Vyle. I^ublished by John Heywood 
Ltd.. Manchester (05 pages. Price 2s. 6d.). 

A pnxsperous and united Empire, (ireat Bntain flourishing and Lancashire witli 
more spindles and looms running than ever before — this is Mr. M<K)res’ encourag- 
ing vision of conditions in the year 1950. Tlie ways in which our jieople ovcn anie 
their difficulties are the subject of con versa tious vrhich are sujiposed to take place 
in the new commodious premises of the Textile Institute which, in the year 1950. 
is to be the rendezvous of all concerned with the textile trades. Prior to the year 
1932, unsheltered industries had been sacrificed by the Government to sheltered 
concerns. Attempts had been made to build up minor industries instead of' 
strengthening and broadening the base of the vital exiiort industries. There 
was a lack of able and willing representatives of the export industries in Parlia- 
ment. Recovery from the long post-war depression was first stimulated by 
Parliamentary grants to the depre.ssed trades in affording credit facilities for 
reconstruction purposes. A manufacturers’ supply association, as a successful 
experiment in co-operative entcrpri.se, had cut down the costs of supplies. Power- 
ful vertical combinations had set a new pace in competitive efficiency both for 
individual firms and for the established price-ring organisations in complementary 
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trades and services. Industries had dealt separately with their own Health 
Insurance problem, at much lower cost, and thus remedied the scandal of State 
Insurance. An Imperial Parliament for industry and commerce had co-ordinated 
the industries and trades of the Empire. Apart from these essentially industrial 
activities a great voluntary effort on the part of the coun^ was fast wiping out 
the National Debt; and Imperial army and navy services, with unrestricted 
movement of Hritons about the Empire, had help^ to better Empire relations 
and effective Empire settlement. These factors in the author's vision of recovery, 
if somewhat sketchily discussed, are unexceptionable from the point of view of 
consistency. The author's attack on the Daylight Saving Hill, which, prior to 
its supposed repeal, is held responsible for frivolous nights and consequent 
unfitness for work next morning, has hardly a consistent solution. Mr. Moores 
tells us that the country ceases to deceive itself, by changing the hour, and that 
businesses ran from 8 a.m. till 5 j).m. in the winter and from 7 a.m. till 4 p.m. 
in the summer; the summer evenings then, presu mainly, not being spent in games 
and other pleasures. Again, the final step in Mr. Moores’ programme of con- 
solidating the Empire consists in the adoption of Empire free trade, with tariffs 
against the rest of the world and no tariff restrictions within the Empire. Mr. 
Moores, nevertheless, in his earlier chapters makes a strong case against tariffs. 
Though very unequal in the soundness and practicable ness of his measures in 
promoting the objects he has so sincerely at heart, his book is suffused throughout 
with the right spirit — a spirit of mastery in face of difficulties — and an un- 
diniinished conhdence in the ultimate recovery of the cotton trade and of the 
Empire. As such, it provides a heljiful antidote to the defeatism and “ca’ canny" 
policy now preached by many responsible leaders of industries to the younger 
generation. E.E.C. 


"BanmwoUe Auf ZmI.** By Dr. Theodor Buhler. I^ublished by the Verlag der 

H(K'hschulbuchhandhing Krische & Co., Numberg, 1931. (122 pages. 

I 80 R.M.) 

This work on "the Principles of Future Trading in the ('otton Industry" appears 
as a second and enlarged edition of the pamphlet "Das Baumwolltcrmingeschaft," 
which has, since its publication in 1928, been regarded as one of the most aulhonffi- 
tive expositions of the subject from the (German standpoint. In the cotton 
industry, the author points out, the time-lag between the supply and the con- 
sumption of the raw material necessitates the operation of a futures market, 
and he insists, somewhat over-emphatically perhaps, on a strict differentiation 
lietween legitimate s|>eculation and gambling as such. The primary function 
of the future market is shown to l>e the damping, if admittedly not the perfect 
stabilisation, of variations in the price level and the consequent protection of 
the grower at one end and the manufacturer at the other. The essential distinc- 
tion, however, between long and short i)eri(Kl fluctuation is not clearly demon- 
strated. By the smcxith equating of the market it is true that freakish fluctua- 
tions are counteracted, but, in the long run, future trading is jxiwerless to affect 
the equilibrium between available supjfly and effective demand. The body of 
the work consists of three mam divisions. Sec tion X (45 pages) is a theoretical 
discussion of the .scope and signihcance of future trading and on account of its 
development from the founding of the laver]:)ool Brokers’ Association in 1841. 
Sc*ction B (42 p<iges) deals with the pmetke of the futures market and discusses 
the effectiveness of hedging as a form o 1 trade insurance. A special sub-section 
is devoted to a descriptive account of the organi.sation and prot:edure of the 
Bremen Cotton Exchange. The rapid progress of future trading in Bremen 
since its inception in 1925 is described, and the opinion is ventured that it is 
only "a question of time" licloro Bremen, which is exclusively concerned with 
American cotton, takes over from Liver|)ool the control of the Central European 
business. In the Appendix, which constitutes Section C (13 pages), statistics 
of cultivation and spindleage are given, together with a bibliography, a list of 
technical terms used by the market, and reprints of New York and New Orleans 
contracts. A slip-pocket in the back cover contains samples of the various forms 
ill use on the Bremen E.xchaiige. The book is well printed, lucidly written, 
and attractively presented, and its glossary of English and German technical 
terms should prove particularly useful to those interested. A.T.P. 
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^lifarUieolMiditiiiig und Abta teor ganiMitlon in der dentschen BanmwcdlweberM/’ 

By Dr. rer. pol. Otto Bickel, Diplomkaufmann. Published by the Verlag der 

Hochschulbuchhandlung Krische & Co., Numberg, 1931. (197 pages. 

10,50 R.M.) 

With considerable skill the author has presented within the limits of a single 
volume an exhaustive description of the German cotton weaving industry in 
all its phases, as well as an account of the scope and importance of scientific 
analysis in the treatment of industrial problems of which that description is 
itself an illustration. Most of the earlier work on the economics of individual 
trades and of the cotton industry in particular, it is suggested, have l)een too pre- 
occupied with the productive processes to pay due attention to the distribution 
and consumption of the finished goods. Vet market analysis, in the author’s 
view, is as important ti subject of study as costs, and he quotes with approval 
the assertion that “the problem facing the cotton weaving industry is not a 
problem of production but one of markets.” Unless it refers to the technical side 
of production this is a doubtful thesis, for the two terms of the e<iuation are 
interdependent. The rate of consumption cannot be considered apart from the 
rate of actual or potential supply, and a depression at a given time might be 
attributable to suri)lus productive capacity witli as much justice as to under- 
consumption. The first jiart of the Iwok deals with the structure of the weaving 
industry and with its place in the general economic framework of the world and of 
Germany in particular. Statistics published by the InftTnational Cotton 
Bulletin and the (icrnian Ciovernment’s Statistical Year Book (1929) are used in 
a discns.sion of the relative imporbiince of the industries of threat Britain, (Ger- 
many, and the United States, but no reference to Japan is made in this part 
of the work. Scientific market investigation difters from common observation 
in that it is concerned with ejuantitative relation.ships, and Section 1 1 is devoted 
to a statistical anatysis of the Cierman market for cotton goods, h'or the pur|)oses 
of the survey two main classes are somewhat arbitrarily distinguished: goods 
intended for personal wear and goods of general utility. These comprise the 
groups — men’s wear, women’s wear, and ]>rolessional wear; and casement cloths, 
tablecovers and furnishing fabrics, all of which are further sub-divided. The 
problem of fashion is disc ussed at length and the interesting suggestion is made 
that a “fashion observation bureau” should be instituted to investigate fashion 
changes and ultimately even to produce them by discovering the psychological 
laws which they lollow. Section III deals with methods of distribution and the 
rapid rise of co-operative trading in rei'ent years. The relative merits of large 
and small scale enterprises are discu.ssed, and the author concludes by referring 
to recent concentration in the Lancashire cotton industry. The Ixiok, in spite ct 
its somewhat indirect style, should well repay study, tioth for its systematic 
treatment of every aspect of the cotton weaving industry and for the technique 
of market analysis wliich it elaborates. A.T.P. 


PUBLICATIONS RECEIVED AND PLACED IN THE 
INSTITUTE LIBRARY 

Year Books of the National Association of Cotton Manufacturers for 1930 and 1931. 

A comprehensive statistical and technical work of reference on the cotton trade. 
Published by the Association from its headquarters at Boston, Ma.s.s., U.S.A. 

Proceedings of the World Engineering Congress, Tokyo, 1929. General Reports, 
and Volume XXVIII Textile Industry. 

Knitting Trade Directory, 193L32. PublLshed by John Heywood Ltd., Man- 
chester. 2.S. net. 

The third issue of a very handy directory. Gives a complete list of firms in the 
United Kingdom engaged in machine knitting. 

Kingston’s Price Equivalent TaUes« Published by Kingston’s Translations 
Institute, Leadenhall Street, London. Price 2s. 

Gives prices per hundredweight and 100 kilos, from -Jd. to 250s. per cwt. for 
various European countries. 
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IlafrtiNi’t CWioMiUl Prict OmwiioB TiUm. Publisher as above. Price 
4s. net. 

Giving price equivalents at stabilised exchanges for imperial and metric weights 
and measures and vice versa. 

The Amti'aliaB Associilion of British Mannfactinrers. Twentieth annual report 
and list of members. 

Rsfittdicacioii Catalsiis* Del invento del tisaje mecdnico del terciopelo en doble 
pieza, como asi tambien de todos sus posteriores. Par Pablo Hoddn y Amig6, 

Cuida: Dspartaeiit of Trade Cmnmeree. Publications issued by the 
Dominion Bureau of Statistics. 

The Canada Year Book, 1931. 

Prices and Indexes, 1013-1929. 

Textile Industries of Canada, 1928. 

Methods for Sii|i|iressiiig Dust in Asbestos Textile Factories. H.M.S.C^., 1931- 
Mce js. net. 

A report on conferences lietween employers and ins|>ectors dealing with this 
subject. 

Sianner’s Cotton Trade Directory of the World, 1931-*1932. Published by Thomas 
Skinner & Co., Old Broad Street, London, (1,252 pages. 20s. net.) 

The ninth issue of a standard work of refert'nce. I las been much improved and 
keeps Its place as an often- ref erred-to book. 

The British Launderers* Year Book, 1931**1932. Published by the National 
Federation o! Laimderers, Lancaster Gate, I-ondon, 

A very well-prepared and welcome addition to the shelf of directories and year 
iKXiks. 

Syllabus of the Prussian Technical School for the Textile Industry. I'orst (Lauvsitz.l 
Issued with a pocket book for those in attendance* at this school. 

Illustrated Catalogue of Cotton Spinning Machinery. Issued by John Hethering- 
ton (ft Sons, Maiichester. 

Contains also machinery calculations, sjietnls, and productions. 

Macinlop Anti«<orrosion Rubber. A publication by Maciulop Ltd. Deals with 
the properties and u.ses of rubber as an anti-corrosion material. 

Cambridge Thenno«-Bectric Pyrometers. A booklet issued by the Cambridge 
Instrument Cximpany, Cirosvenor Place, London. 

Deals with the measurement and recording of tcin})eratures up to 1,400*^ C. 
{ 2 , 55 ^^ K). 


GENERAL ITEM 

Adult Education in Art 

An interesting scheme in relation to Adult Education in Art has been an- 
nounced by the Manchester Education Cximmittee. I’hc object of the scheme is 
to provide facilities at the Municipal Si hool of Art to enable members of tlie 
public beyond the age of ordinary students to meet together for discussion, 
informal lectures, and experimental practice in various branches of art. Approved 
groups of adult students may be given accommodation on Wedne.sday evenings 
during the Winter session and it is anticipated that meetings will take the form 
of lectures and demonstrations open to the general public, as well as to members 
of the various groups. Particulars of the scheme may be obtained on application 
to the Principal of the School of Art, Mr. R. A. Dawson, A.R.C. A., F.S.A.M. 
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COTTON TEXTILES FOR ELECTRICAL INSULATION 

By R. I. Martin, A.M.l.E.E. 

(Engineenng Laboratory, B.T.H. Co. Ltd., Rugby) 

INTRODUCTION 

Since the earliest clays of electrical engineering, cotton, in one form or another, 
has been largely used for insulation purposes. A hundred years ago Michael 
Faraday wound up coils of wire which he insulated with twine and calico. Cotton 
tapes were also used by him and other early experimenters, particularly for 
insulating windings such as magnet coils. They found then, as we still do now, 
that cotton products were readily available, strong, flexible, and most adaptable 
to various shapes and forms, and these outstanding features have naturally been 
taken advantage of for numerous difficult and intricate coverings and protections 
of electrical conductors and windings. From those early days the growth of the 
electrical industry has been very much dependent upon the successful use of 
cotton textiles, and they have naturally entered more and more into the construc- 
tion of motors, transformers, cables, and other apparatus. 

Electrical engineers have generally had to adopt, for insulating work, materials 
primarily produced for other purposes by various industries ; this has been par- 
ticularly the case with textiles, papers, ceramics — such as porcelain — ^varnishes, 
and oils. In many cases, especially in the early days, engineers had to adapt 
to their uses products such as tapes and fabrics, papers and pressboards, manu- 
factured without any regard for their ultimate use in electrical apparatus, and, 
consequently, considerable risks were often taken or the best possible use was not 
made of the materials available. The increasing demands of the electrical industry 
have, however, gradually enabled and, to some extent, induced other manu- 
facturing industries to consider carefully these requirements, and, as time wc;it 
on, to produce materials specially suited for the severe conditions to be met. 
Progress is naturally very dependent upon the industry, which manufactures the 
materials, understanding fully the particular uses to which its products will be 
put by the electrical engineer, and the technical requirements involved. At the 
same time, it is necessary for the user to study the conditions under which his 
materials are manufactured so that he can have confidence in them and utilise 
them to the best advantage. 

This paper is intended to provide those in the textile industry with a general 
idea of the extent to which cotton products are used as electrical insulating 
materials, details of the main purposes for which they are required, and informa- 
tion concerning the technical aspect of the properties and other features afiecting 
the successful employment of cotton goods for such purposes. 

B 
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GENERAL CONSIDERATIONS 

Owing chiefly to the pronounced hygroscopic nature of cotton it cannot 
normally be used for insulation purposes where high electric stresses are likely 
to be imposed on it, especially where the apparatus has to work under damp 
atmospheric conditions. It will be seen, therefore, that cotton insulations in- 
variably have to be protected from moisture absorption by varnishes, rubber, 
bitumen, etc., and as a general rule they are not used as the primary dielectric, 
hut function mainly as mechanical support and protection to other materials of 
better electrical properties. For example, the only important instances of the use 
of cotton for its insulating properties are as coverings for wires and conductors 
wound into coils, and also as coverings for cables, but in a large number of cases 
the cotton is only applied over another insulation, e.g. enamel or rubber, to act 
as a mechanical protective medium for these. Further, most of the cotton tapes, 
sleevings, and fabrics employed are for binding conductors and insulations 
together, and for providing strong protective coverings for coils, bars, windings, 
and various parts already insulated with such materials as micanite (made from 
overlapping thin flakes of mica bonded together with shellac or other special 
varnishes). 

Another very important fact governing the successful use of cotton products 
in electrical machinery and apparatus, is that in practically all cases a good deal 
of heat is developed in the windings and other parts, causing the normal operating 
temperature to be considerable, e.g. 8o to loo® C. The ability of the insulations 
— especially those of organic nature — ^to withstand continued exposure to such 
temperatures has, therefore, to be considered very carefully, as the life of the 
whole machine is mainly dependent upon the deterioration of the insulations, 
ft will be seen later that this very largely determines the size, co.st, and capacity 
of the apparatus, as it has to be designed so that the temperature will not exceed 
a safe limit for materials used in its construction, and it is generally organic 
fibrous components such as textiles, papers, and pressboard, which arc most 
susceptible to the effects of heat. This point must be stressed as it is often over- 
looked when considering the suitability of cotton and other organic products 
for use in electrical apparatus. In some cases the whole of the windings are con- 
tinuously immersed in mineral insulating oil — for example, most transformers, 
especially tliose for high voltages — and in certain instances the apparatus has to 
work in fume-laden atmospliere. It will thus be realise*d that the service con- 
<litions for which cotton textiles are required by tlie electrical engineer are severe, 
and it will be found that the conditions under which they are applied and handled 
iluring the manufacture of electrical apparatus are, on the w^holc, no less onerous, 
calling for the utmost uniformity, mechanical strength, chemical stability, and 
excellence in other re.spects. 

TYPICAL EXAMPLES OF THE EMPLOYMENT OF COTTON 
TEXTILES IN INSULATION 

A brief r6sum6 of the principal uses of cotton textiles for insulating purposes 
will now be given, together with indications of the important properties reciuired 
in each case, so that before considering the technical aspects in more detail, those 
not generally familiar with the actual applications of cotton textiles to this work 
can appreciate the general requirements. It is not intended, however, to give a 
complete summary of these applications, as full details can be found elsewhere.^*^>* 
The uses of cotton goods as electrical insulators can be divided as follows — 

(x) Primary insulation, e.g. coverings on wires. 

(2) Mechanical support and protection to other insulations. 

(3) The basis of manufactured insulations, e.g. varnished cloths and sleevings, 
and bonded laminated boards, etc. 
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Yarns and Threads 

(a) Primary Insulation on Wires (lapped) 

Yams are applied to copper wires, both round and rectangular, by lapping — 
one, two or three layers being served, usually in opposite directions. The most 
commonly used covering is two laps of cotton, the wires being teown as “Double 
Cotton Covered Wires" (D.C.C.). The laps being applied in opposite directions 
help considerably to prevent unravelling of the coverings when the wire is cut. 
These conductors, often known as “magnet wires," are used very extensively 
in the windings of coils for armatures, fields and stators of motors and generators, 
and for transformer windings, operating coils of control and switchgear, and 
all manner of electro-magnetic windings where long lengths of uniformly insulated 
wires are required. In these cases the insulating properties of the y^am are 
imjxirtant, as often the cotton is the only dielectric between parts of the winding 
at difterent potentials. There are, however, cases in which the cotton is applied 
over an enamelled wire, the enamel acting as the main dielectric, and the cotton 
partly as a dielectric but chiefly as a mechanical protective layer to the enamel. 
In this manner it acts efficiently as a bufier between adjacent wires, preventing 
the enamel coverings from rubbing each other with possible damage to one or 
both during winding operations or in service. The presence ol the cotton (usually 
a single covering) as a second line of defence, is particularly helpful in coils for 
alternating current work, where breakdown between turns is, for electrical 
reasons, especially dangerous. The space taken up by cotton co\erings on wires 
IS of great importance m most windings, particularly on wires of small diamc*ter, 
but wires can be obtained with various thicknesses of coverings, as indicated 
111 Table T. In some cases additional coverings are applied by braiding, especially 
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Details of Typical Cotton Covered Wires (Lapped) 


1 \ pe ol f o\ fling 


'\ otal 'thickness of 
Covering (mils ) 

I (extra on diameter) 

' H<ire Diameter of 
Wire 


•IM)76 ' 
111 . 


•036 

111 . 


•128 

in 


Yarns Tsed 
bare Diameter ol Wire 


•0076 in. 

( ouni I Knds 


•036 in *128 111 . 

( ounl 1 ICnds (bunt jKnds 


Single C'ottt)!) 
tS.C.C) 

Specialh 1 
tine . I 3/3-5 

4/5 

Ordinars’l 4 

5/6 

Double Cotton 

Specialh 

1 

(DCC.) 

fine .. 

5/6 

6/7 


Ordinal V 

1 7/9 

9/11 

Triple C otton 

Specially 
fine ... 

- 

16 

Tbamelled and 

Ordinary 

Speciallv 

1 

20 

S.C.C. 

fine .. 

4-2 1 

i 7-5 

1# » > 

Enamelled and 

Ordinary 

Specially 

5 

9/10 

D.C.C. ...1 

tine ... 

7 

10 

M 

Ordinary 

9 

13/14 


6/7 

7/8 

160s 

120s 

9/10 

140s 

12/14 

120s 

16 

- 

20 

— 

9/10 

10/11 

I40s 

1208 

13/14 

1408 

15/16 

120s 



(Enamelled) ... 


0-7 2-5 , 4 0 



Fi6d 


Proceedings 


where large conductors have to be severely handled and bent during winding 
operations. Coils wound with cotton-covered wires are invariably treated, after 
thorough drying, with a good insulating and moisture-proofing varnish, or with 
a hot molten compound of bitumen, resins, etc. The outstanding properties 
required of cotton coverings of wires are thus — ^good length of staple; freedom 
from electrolytes and other injurious chemicals; resistance to deterioration by 
heat; good space factor; resistance to abrasion, and good electrical properties. 

(b) Protective Coverings on Wires and Gables 

There are many varieties of wires and cables in which cotton is used, in some 
form or another, more as a protective layer or covering than as the primary di- 
electric. The principal case is the braided cotton coverings of “flexible" wires, 
with which everyone is familiar; the most common example being the ordinary 
twin lighting “flex." In these instances the braided covering is usually a mech- 
anical protection to rubber-covered stranded wire. It is obvious that resistance 
to wear by abrasion or “chafing" is all important in these cases; electrical and 
chemical considerations being of less significance. This is, incidentally, about 
the only use of cotton insulation where the colour is of any importance, different 
colours being used to give pleasing and distinguishing finishes to wires. The 
yam for these coverings is usually glazed. There are many other cases where 
cotton is used in some portion of wires and cables, especially those for telephone 
work. In some cases untreated or specially treated strips of fine woven cotton 
cloth are included, e.g. to keep rubber from contact with the copper conductor 
in order to protect it from the action of sulphur in the rubber. 

(c) Miscellaneous Uses of Yams, Threads, etc., for Binding and other purposes 

Various cotton yams and threads are used for sewing, tying, and binding 
other insulations together, especially for holding the leads of coils. One important 
case is for binding over paper-wrapped conductors of transformer windings 
where the main dielectric is paper (untreated or specially prepared) and cotton 
yam is lapped on the outside in the opposite direction to the paper, to hold the 
latter in place. In these applications of yarns and threads good tensile strength, 
chemical purity, and resistance to ageing are the chief attributes desired. 

Another important application of yarns is in the special method of insulating 
coils on the Leesona machines, in which yarns are wound in vnth the wire, to form 
an insulating layer between layers of wires. Cotton yams are also used to some 
extent in the weaving ot certain asbestos tapes (listings) and cloths, in order to 
give the asebstos threads more strength during and after weaving. Sometimes 
the quantity of cotton present in such asbestos woven fabrics is as high as 15% 
of the total. Cotton is also employed in some cases m the manufacture of asbestos 
papers for the electrical industry. Both the papers and fabrics are used chiefly 
where considerable resistance to high temperatures is required, the important 
characteristics not being appreciably affected by the presence of the cotton, which, 
as mentioned, is mainly required to give the necessary strength during manufac- 
ture and application. 

Cotton Tubular Sleevinc.s 

Tubular woven sleevings, generally plain braided but sometimes kmtted, 
are usc<l in two ways — 

(a) The untreated sleevings in short lengths are shpped over leads of coils, 
e.g. armature and stator coils of motors, and various other connections, 
to give additional insulation and protection where wires have to-be bent 
and connections have to be made. The sleevings are thus generally 
treated with the other parts of the coils, etc., during varnishing and im- 
pregnating pnicesses at a later stage. Various coloured sleevings are 
sometimes used to identify particular leads. 
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(6) The untreated sleevings may form the basis of special varnished tubing 
sleevings having good electrical properties and not requiring subsequent 
treatment. These are usually manufactured in short lengths, e.g. 3 or 4 
feet, as they are required to be kept in a circular form fdter the varnish 
coating is baked on. Some varieties are particularly flexible, and these 
are used extensively for insulating connections of motor coils, trans- 
formers, leads of control gear operating coils, wiring on switchboards, 
and all manner of connections such as those in radio apparatus. 

Details of typical sleevings, both untreated and varnished, are given in 
Table II. 


Table II 


Typical Cotton Sleevings used for Covering Connections 


Approx. Diameter 
1-0*5 mm. 
i in. 

in. 
i in. 

H 


Ends of Spindle 
2 
2 
2 
2 
2 

2 * 


No. of Spindles 
16 
20 
24 
32 
40 
52 


Noth — The above apply to soft cotton yams, usually two-fold. 

Glace cotton sleevings of single yams are also used, some being coloured 


Con ON Tapes (Untreated) 

A walk round an electrical winding shop gives the impression that selvedge 
cotton tapes, of widths varying from j in. to 2 in., are amongst the most widely 
used materials. This is because they are invariably employed for the outer cover- 
ings of insulated windings, especially the coils of armatures, fields, alternating 
current motor and generator stators, and in numerous other important instances, 
particularly where parts have to be bound tightly together, e.g. leads and coils 
of high speed rotating windings. American, Indian, and Egyptian cotton 
tapes are used; the latter mainly for tapes where thinness combined with strength 
are required. In many cases, however, the space taken up by the tape is of im- 
portance, as it contributes very little to the actual electrical insulation provided 
on a conductor, but is necessary for mechanical protection and binding purposes. 
The utmost regularity of weave and thickness is, therefore, desired, this generally 
being assisted by gassing and calendering. Details of typical cotton tapes and 
webbings now in use in the electrical industry are given in Table 111, from which 
it will be seen that these range in thickness Jfrom *003 in. to *028 in. and include 
both plain and twill (herringbone) weaves. Some tapes have a coloured warp 
thread in the middle to facilitate lapped tapings. 


Table 111 

Construction and Properties of Typical Cotton Insulating Tapes and Webbings 


t ommon 
Name 

'J'vpe oi 
Cotton 

1 

1 

1 

Thuk- 

nesb 

approx 

1 in 

1 

1 

1 

Tlireads 

No of 

Ends Picks 
in 1 in. per 
wide inch 

tape 

('ounts 

of 

Yarn 

Ends Picks 

Yards 

per 

lb. 

Tensile 

Strength 

(lb.) 

1 in. 
tape 

1 — Superfine 1 

1 Egyptian 01 

•003 to 

120 to 

1 72 to 

2/100 to 

79 to 

410 to 

30 to 

Sea I.sland 1 

1 *005 

90 

I 60 

2/96 

60 

330 

40 

2 — Tine ...1 

1 Egyjitian ...| 

1 6*5 

79 

44 

2/62 

34 

200 

40 to 
45 

3 — Ordinary | 
or Dvnamoi 

1 American or 
, Indian ...I 

1 9*5 

1 

63 

34 

2/28 

28 to 
24 

' 140 

55 to 
60 

4 — Webbing 1 

! American .. | 

1 *019 

85 

34 

2/27 

12 

1 90 

90 

5- Webbing 1 

1 \mencan ..., 

•028 

60 

39 

3/16 

16 

59 

140 


Note — Tapes I, 2, and 3 are usually plain weave, gassed, and calendered. 

Webbings 4 and 5 are u.sually herringbone twill weave, two repeats (un- 
calendered). 
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Tensile strength is generally of importance as, during taping operations, the 
tension applied is often considerable, especially when binding down armature 
conductors and covering transformer windings. Also the tapes are frequently 
used where mechanical stresses are expected during service conditions, e.g. due 
to centrifugal force on rotating parts, and magnetic repulsion of conductors during 
heavy overloads; in the latter case the forces can be very considerable on large 
generators and transformers. The webbings of "herringbone” weave are par- 
ticularly useful where great strength and adaptability to curved surfaces arc 
required. 

Other mechanical properties, such as resistance to wear, and abrasion or dis- 
integration from hammer blows, arc important, but the predominant feature in 
this, as in most uses of cotton products in electrical windings, is the ability to 
withstand heat without marked deterioration of the strength. For this reason, 
therefore, as well as for others, it is important that cotton tapes should be as free 
as possible from any injunous chemicals which will tender the cotton when heated. 
The presence of these substances, e.g. organic acids, chlorides and sulphates, are 
also sources of possible danger to other materials likely to be in contact with the 
cotton products, and in the case of very fine wire coils they may initiate or cause 
sufficient corrosion of the copper to effect complete severance of the wire and 
failure of the coil. It is, therefore, necessary for cotton tapes, fabrics, etc., to 
be scoured or specially washed to remove these undesirable substances. 

As it is often necessary to apply a smooth protei'ting varnish coating to the 
insulated parts after taping with cotton tapes, these should be uniform in structure 
and free from excessive nap. It is, of course, usual to singe the taped surfaces 
with a gas flame before varnishing, to ensure as smooth a surface as possible, 
and provide a uniform varnish film, which will thereby have the best resistance 
to moisture, oil, fumes, deposition of dust, and otlu i external influences. 

Cotton Fabrks (Unikeativd) 

Cotton cloths are used in the untreated condition for a large vai i(‘ty ot purposes 
where the flexibility and strength pec uliar to woven cotton goods i an be utilised, 
but here again they are employed more for mechanical backing and ])r(»tertion 
of other sheet materials than as insulations themselves. They are nwanablv 
unbleached as the colour is of no object and the maximum stxength is n t|Liire<l. 

(a) Cotton Cloths used alone 

Cotton fabrics from 2 ozs. up to 12 ozs. jier vaid are employed b\ tlvuiisrlvts 
for a few purposes; the thinner cloths for interUyer insulation and\o\eriiigs ol 
small spools, and the heavier cloths for the protection ca])s ot armatiin's and 
field coils, especially those of traction motors. In the latter case.s closeness of 
weave and strength are particularly important to pre\ent ingress ot dust, and 
damage of the criils fluring hanflling. Where the liner fabrics are likely to be used 
in contact with fine copper wires, it is necessarv to ha\ e chemical purity to avoid 
con-osion and other troubles from electrolytes. Cloths of twill weave, such as 
drills, are especially useful where considerable strengtli is required, tiunbincd 
with adaptability fi^r covering armature heads and held coils. 

<b) Cotton Cloths us Supports for other Materials 

Fine Egyptian cotton cloths are often used for backing sucli sheet insulations 
as flexible micanitc. whore the micanite, being delicate to handle, requires rein- 
forcement to enable ready application to slot portions of coils, and, when sht into 
strips, for taping end portions. The cloth is sometimes varnish-trcatetl, and is 
generall> pasted to the micanite sheet with a suitable adhesive, rniformity of 
weave and thickness, together with good resistance to tearing, arc thi chief 
requiienients of these fabrics. In some cases the ageing of the cotton fabric due 
to heat is not of prime importance, as it is mainly required for supporting the 
micanitc during appheatvm, and is not relied upon for service comlitions when the 
temperatures may be excessiv^e for cotton, e.g. 120-130® (\ 
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Cotton Fabrics (Treated) 

Quite a large variety of cotton cloths are ‘'pretreated” with insulating and 
moisture-protective varnishes and compounds before they are applied to electrical 
windings, this group of treated fabrics being similar to those already referred to, 
3I oz. cloths to 12 oz. ducks. These are, however, <]uitc distinct from the 
group generally known as “varnished cloths,” which are described later. The 
former arc merely treated to give them greater resistance to moisture, heat and oil, 
ver>" little reliance being put upon their ultimate electrical properties, whereas, in 
the latter case, the materials are specially produced to give good electric strength. 
Ihe “pretreated” fabrics are particularly useful for wrapping and protecting 
parts of windings which are difficult to dry and treat later with varnishes and 
compounds after completion. Details of the.se and other cotton cloths used in 
electrical apparatus are tabulated in Table IV. 


Table IV 


Details and Properties of Typical Cotton Cloths used for Insulation Purposes 




1 


Tensile 



1 Tlireads 

Strength 


Thick- 

per inch 

lb }>er inch 

i>< rijition 

ness 



wndth 


(m) 



— - - 

— 



Watp 

(Knds) 

Weit 

(Picks) 

V\aip 

Welt 

oz cloth 

•0035 

1 112 

150 

19-5 

20 

Insulation cloth* ... 

•005 

I 63 

65 

31 

22 

Seamless bias cloth* 

•005 

70 

70 

27 

21 

- 0 / cloth 

•008 

1 75 

58 

17-3 

10 

3] 0 / (loth 

•012 1 

70 

66 

32 

30 

Drill 1 

•017 

1 

[ 66 

66 

48 

58 

S oz duck . . ...1 

1 

•027 

I 

48 

38 

57-5 

49 

12 oz (InUv 1 

1 

__ _ 1 

•040 

42 

34 

96 

92 


IVniLipal Uses 


Hacking foi micanite. 

I'or varnished cloths (eg. 
ICmpiie (loth). 

Tor seamless bias varmshi'd 
cloth tapes 

InterUver insulation, eti , 
in (.oils 

Slot liner backings and syn - 
resin bonded boards and 
mouldings. 

Protc'ction caps and covct- 
mgs of (ir matures, held 
and other coils 

'I reated with varnish fot 
reinforcing other sheet 
insulations. 

Synthetic resm bonch'd 
boa ids, mouldings, etc. 


Note —All fabrics are generallj" unbleached and ot plain weave except cotton drill, 
which IS "twiir* weave. 

* Weight per square yard is approximately 3 oz. These cloths are dressed and 
heavilv calendered. All others are uncalendered. 


Adhesive and other Treated Tapes 

Very extensive use is made of adhesive and other forms of treated tapes, 
generally slit from cotton cloth treated with rubber, bitumen or other materials. 
The adhesive tapes are particularly useful for all manner of cases where connec- 
tions, ends of cables and exposed terminals, etc., are required to be covered. 
The uses of these tapes range from motor car wiring and domestic installations, 
to traction motors and even larger machines in the industrial field, and practically 
everyone is familiar with these very useful and adaptable insulations. A certain 
amount of strength is necessary in the fabric for these tapes, but in this case the 
tearing strength is not required to l>e t<x> high as they should be capable of being 
tom across fairly readily. The adhesive and electrical properties are, of course, 
determined by the type of treatment and covering material applied. 
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VarnlttlMd Ck)tton Cloth Products 

We now come to what is, perhaps, the most important use of cotton fabrics 
for insulating materials. In the early days of electrical engineering the ordmary 
cloths on the market, such as calicos and cambrics, were utilised as already 
mentioned, but attempts were made to improve their electrical and moisture 
resisting properties by varnishing. Cotton tapes were also applied to conductors 
and then varnished several times to provide a good insulating coating. Diffi- 
culties naturally arose from the unsuitability of the cloths and tapes for this 
purpose, mainly due to the nap and the general irregularity of the surfaces of 
the fabrics allowing the varnishes to soak in; the formation of good varnish films 
was practically impossible and the electrical properties were very poor. 

The next obvious step was to treat cloth which had been specially prepared 
to take a good varnish film, and, after thus making a good dielectric, to apply 
it as desired in the form of sheets, strips or tapes. 'I'hus there originated the 
special varnished cloth products known to the trade as ‘^Empire Cloths” (the 
original trade name of the Micanite and Insulators ('o. Ltd. products), "Varnished 
Cambrics," an<l other names. Great progress has been made with these 
materials, especially since the war, and there arc now many specialist firms making 
these and similar products in this country, in America, and on the Continent. 

The cloths are varnished by passing through a bath of insulating varnish at a 
uniform slow speed, and then through a heated oven in which the varnish films 
are oxidi.scd and hardened, several coats of varnish being thus applied geiuTalh' 
in one continuous operation, the completed miiterial being rolled up again on a 
batch. The varnishing machines are usually constructed with a vertical heating 
oven or "tower," the cloth travelling up between steam pipes, over rollers at 
the top, and down again close to the steam radiators, the temperature of the 
oven being between loo and 120® C. This is necessary to secure the correct 
baking of the varnish film on which the electrical properties of the finished 
material so largely depend. Selvedge cloths, about 36 inches wide and 3 to 5 mils, 
thick, are in regular use for making sheet varnished cloths, and these are often 
cut into strips or "tapes,"* either parallel to the selvedges or at an angle, e.g. 43 
so that the threads are oblique to the edges ("bias cut tapes"). I'his latter con- 
dition has been found to be extremely useful, and in fa( t essential, for a large 
number of taping operations where strips cut parallel to tlie threads tear too 
readily and are not sufficiently adaptable. 

The necessity for these bias-cut tapes in long lengths on reels caused the 
development of a special method of manufacture in which the selvedge cloth, 
when completely "fini.shed," is cut obliquely, e.g. at 45° about every 50 inches, 
the pieces turned through 45° and sewn together, selvedge to selvedge. This 
gives a continuous length, with threads running at 45" to the edges, which is then 
varnished as in the case of a straight fabric, afterwards being cut into narrow tapes. 
The presence of the sewn joints is a disadvantage in many applications of these 
tapes, as the matenal is much thicker at the joints, and as a rule these are elec- 
trically weak places. Eecent developments have evolved seamless bias tapc.s 
which are more economical. These are made from a tubular woven fabric 
(pillow casmg) cut helically at 45'’ to the threads and then gassed, finished and 
calendered in the bias form. It is, therefore, delivered to the vamisher as a bias 
cloth, say 34 inches wide, and is varnished as in the case of selvedge cloths, the 
varnished material being slit into "seamless" bias tapes which are continuous for 
considerable lengths. The development of these seamless fabrics has been a very 
difficult matter, due to the very special finish and properties required, but although 
these were originally only obtainable in America, they are now being regularly 
produced in England. 

* Note — In these cases "tapes" is a misnomer as there is no selvedge, but the term 
IS in general use for narrow strips. 
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There are many interesting and difficult problems involved in the manufacture 
of these special varnished cloth products, especially as regards the finishing of 
the fabric, the varnishes used, and the varnishing process, but these cannot be 
dealt with in detail here. They have, however, been discussed elsewhere and 
a British Standard Specification (BSS. 4 19-1 931) now covers the properties of the 
sheets, strips, and tapes. It might be mentioned, however, that special attention 
has to be paid to the bleaching, scouring, or other cleaning process of the cloth, 
in order to preserve maximum mechanical strength and ensure chemical purity, 
so that subsequent heating during varnishing and use in service will not “tender** 
the cotton unduly. There are two main “schools ol thought” regarding the best 
methods of finishing these fabrics: one holding that as little dressing as possible 
should be used so as to enable the varnish to impregnate the cotton thoroughly ; 
the other maintaining that the cotton fibre should be protected, by starch or other 
dressing, from contact with the varnish w^hich may tender the fibre by «>xidation, 
and that the cloth should be finished so as to allow very smooth and uniform 
varnish films to be applied. In all cases, however, it is agreed that the nap 
should be removed as completely as possible, otherwise it may protrude through 
the varnish and give poor electric strength. The “impregnated” cloths arc chiefly 
made in America, but the British practice is very generalh'^ to use well-dressed 
and finished cloths, giving good smooth varnish films of high dielectric properties. 

The construction and properties of typical varnished cloth products are given 
in Table V. (N.B. — The electrical and chemical properties are, of course, mainly 
dependent upon the varnishes used.) The cloths are used extensively in sheet 
form as slot insulation in motor and generator windings, as spool insulation on 
field coils, and on the cores of transformers. The uses of the sheet, strip, and 
bias-cut tape- varnished cloth products are legion, the latter materials being 
particularly serviceable as a ready means ol applying a good dielectric to all 
manner of awkwardly shaped conductors and parts, especially for connections 
of transformers, switchgear, and machines. 

Bonded Cloth Laminated Products 

A few cloths and tapes arc used in the electrical industry as the basis of solid 
rigid insulation boards, wrappings, mouldings, etc., in which they form lamina- 
tions bonded together with a medium .such a.s a synthetic resin. These resins, 
particularly those of the phenol-formaldehyde type, have good bonding proper- 
ties, and, although fusible at first, they can be hard(*iK*d under heat and pressure 
to give products able to withstand temperatures such as 130 tr) 170° C. without 
appreciable softening. They are, however, somewhat brittle, and need reinforce- 
ment to give products of reasonable strengtli; here again the good mechanical 
and other features of cotton can be used to advantage. 

Cloths are treated first by passing through a bath of “resin** dissolved in 
methylated spirits, and the coating dried in a tower varnishing machine as in the 
case of manufacturing varnished cloths. The resin-coaled cloth is then cut up 
into sheets or pieces, and a suitable number of sheets stacked together between 
hot plates, or shaped pieces are inserted into a hot mould. In some cases ad- 
jacent sheets or pieces are placed with the warp threads displaced by 90° so as to 
equalise differences between the strengths in the warp and weft directions. The 
materia] is then pressed between heated platens of a hydraulic press, being 
held at a temperature of about 150” C. for anything from a few minutes to an 
hour or so, mth pressures of 400 to 1,000 lb. per square inch applied. Owing 
to the fusion of the resin during the first stage of this pressing, the layers of fabric 
are well bonded together, and the material will conform to the shape of simple 
moulds, the resin being forced into all available air spaces between the threads of 
the fabric, and between pieces. 

Boards of these bonded cloth materials are used as panels and terminal 
boards, and various mouldings, such as slot wedges and spools, axe made from these 
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compounds, in most cases the cloth filling being preferred to papers, asbestos, 
wood-pulp, and other materials, because of the mechanical strength provided 
by the cotton fabric. Similar laminated materials are made from absorbent 
cotton rag papers, as the resin penetrates well into the paper and the final com- 
pound does not, therefore, absorb moisture readily. One disadvantage of the 
bonded cloth products is their rather high moisture absorption, which militates 
against their extensive use in very damp situations and for high voltages, but 
they are, nevertheless, in general use for a large range of purposes, the parts usually 
being well protected by varnishing. Incidentally, similar products such as 
Fabroil are used to a great extent as gear wheels and pinions where reduction 
of noise is important, e.g. in automobiles. 

Properties of typical synthetic-resin bonded cotton cloth and paper boards 
are shown in Tabic VI. 

USES OF COTTON IN NON-TEXTILE FORMS 
Mention should be made of important uses of cotton for the manufacture of 
electrical insulating materials, such as papers, pressboard and vulcanised fibre, 
as, although the cotton is not used finally in the form of a textile, it is generally 
obtained initially as rags or fabric cuttings. The fundamental properties of 
cotton are taken advantage of in making these materials and they are extensively 
used. The cotton papers are particularly suitable A\hcre very absorbent papers 
are required to be bonded with synthetic resin to form solid boards and mouldings. 
Vulcanised fibre, at one time more in favour than at present, is made from cotton 
rag papers converted by treatment with zinc chloride, and has uses for low 
voltage insulation purposes. Of recent years excellent pressboards (similar to 
fullcrboard) have been manufactured from cotton with or without other fibrous 
materials. In the last mentioned products especially, the pre-eminent char- 
acteristics of cotton are utilised to good advantage, i.c. mechanical strength, 
flexibility, absorbency, and goo<l ageing properties, and the materials as now 
manufactured are especially good as regards electric strength, low dielectric 
losses, and freedom from conducting particles. 

INSULATING TREATMENTS OF COTTON PRODUCTS 
In addition to the rigorous conditions of manufacture and application ol 
cotton textiles for insulation purposes already referred to, most of the materials 
have to be subjected to treatment processes involving drying, varnish or com- 
pound impregnation, baking, etc., which impose further hardships on them; the 
treatments are, however, mainly necessitated by the hygroscopic nature of cotton, 
which demands special protection against moisture. These treatments are also 
for the purpose of improving mechanical bonding, thermal conductivity, elec- 
trical performance, resistance to chemical fumes, oil, dust, and other external 
agents. Heat treatments, employing circulated hot air or vacuum, arc usc'd lor 
drying, usually at temperatures up to 105° C. and sometimes higher. Impregna- 
tion with oils, waxes, vamivshes, bitumen and other compounds are in general use, 
such treatments often being carried out at pressures up to 100 or 150 lb. per .scp 
inch. 

PROPERTIES AND TESTING OF COTTON TEXTILE INSULATIONS 
It will be seen, from the foregoing, that cotton proilucts tor use in electrical 
apparatus are required to undergo severe conditions of heat, and other agencies, 
both in manufacture, application, and final service, thus it is imperative that in 
making, selecting, and using these goods, all concerned should give special atten- 
tion to the particular requirements of electzical work. 

('onsiderable research work has been done in recent years on cotton textiles, 
which has been of great assistance to the electrical lndust^>^ The British’ Cotton 
Industry Research Association, the Research Department of the Bleachers' 
Association, and the British Electrical and Allied Industries Research Association 
(E.R.A.) have worked on the various problems involved in the use of cotton 
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products for electrical purposes, in collaboration with British manufacturers of 
yams, tapes and cloths, and various electrical engineering concerns. Work has 
been done in the Engineering Laboratory of the B. T. H. Company on a number 
of these problems, especially in connection with varnished cloths. The Electrical 
Research Association, particularly, has encouraged aiul co-ordinated such work, 
and has developed recommended standard methods of tests on yarns and fabrics 
— both untreated and vamished,^»^»® As a result of this work considerable 
improvements have been made m the cotton materials now used in the electrical 
industry, and the British Engineering Standards Association has been thereby 
enabled to issue recently a British Standard Specification on Varnished Cloth 
sheet, strip, and tape (BSS. 419“! 031). Similar work has, of course, been going 
on in other countries, the American Society for I'esting Materials dealing with 
thisin theU.S.A. 7 , 8 ,Mo 

Table V 

Averai^e Properties of Typical Varnished Cloths 


('.olour ... 

1 V^*l 

low 

Black 

Type of varnish 

jclear Wg 

(‘table Oil 

Oil-bitumen 

Thiikucss 

1 007 in. 

•010 in. 

•007 111. 

•010 in. 

Electrical Properties 

Electric strength (minute value) in volts/inil , 





(a) At 20^ C I 

780 

820 

9(K) 

950 

{h) At 90‘* (‘ 

(Note — Electrodes are brass cylinders 1 J in. and 
3 in. dia ) , 

Sustained electric strength (Everest test), highest 
maintained stress, volts/mil. ■ 

550 

600 

700 

750 

(r) At 20 ’ C ' 

250 

270 

290 

300 

(b) At C 

70 

85 

80 

90 

Mechanical J’koperties — 





bursting strength (lb /sq. in ) 

Tensile strength (lb. /in. width) — 

12-5 

13-0 

12-5 

i 

1 1 

14 

Warp , 

40 

45 

50 1 

50 

Weft 

30 

35 

40 

40 

Tearing strength (oz ) double tear - 

1 

1 



Warp 

16 

18 

16 

18 

Weft 

Ageing. Effect of heating at IHV (' for 24 

20 

20 

20 

20 


hours— 


Reduction, of tearing strength .. . ... ... 50%- --60% 45% — 50% 

Reduction of bursting strength 45% — 50% 40% — 45% 

Chemical Properties- 

Elfect of insulatng oil ' None Slightly affected 

Effects of acids and alkalies ' Slight More r<*sistaht 

than yellow 

Moisture absorption is undoubtedly the feature which most seriously limits 
the use of cotton goods for insulation purposes. Evershed^^ in 1914 investigated 
the effects of moisture on the insulation resistance of cotton, and noticed par- 
ticularly the hysteresis phenomena on absorption and desorption of moisture by 
absorbent cotton and other insulations. These adsorption hysteresis and allietl 
effects have been studied and discussed very fully by Urquhart, Williams, and 
Peirce of the B.C.T.R.A.^*»^^, and this work is of importance in considering the 
mechanism of adsorption in cotton and similar absorbent products. As far as 
these phenomena affect the electrical properties, however, the subject has been 
dealt with fully in work carried out to study means for improving the resistance 
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c*f cotton to the conduction of electricity under damp conditions. These re- 
searches have particularly brought to light the importance of washing, scouring 
or otlwwise processing cotton yams and fabrics to remove electrolytes and other 
deleterious substances before they are used for electrical purposes. The first 
work on this was carried out at the Shirley Institute in 1923, two memoirs on this 
subject being issued to members of the B.C.I.R.A.. in 1923 and 1925, describing 
the technique of testing yams for conductivity, and indicating methods of 
treating cotton products to improve their insulation resistance when damp. 
T^b research, carried out in collaboration with the E.R.A. and the Metropolitan- 
Vickers Electrical Co. Ltd., is referred to by Maxwell and Monkhouse in a paper 
before the Institution of Electrical Engineers*^ in 1925. This work focussed 
attention upon the desirability of cleansing cotton products from deleterious 
electrolytes, and other water .soluble and chemically active substances which 
may cause troubles such as corrosion of metals, or tendering of the cotton when 
heated. Similar work on reducing conductivity in textiles was carried out more 
recently in America; mainly by Murphy and Walker. 

The effect of heat is of utmost importance, as already indicated when consider- 
ing the uses of cotton products in electrical apparatus. Machines, transformers 
and other plant generally operate at elevated temperatures, owing to the heat 
developed by losses in windings and magnetic cores, and, in fact, the total output 
or rating of such machines is fixed mainly by the maximum temperature at which 
it IS safe to operate them. As, however, it is the organic insulation materials 
which are liable to deteriorate most rapidly due to heat, this safe temperature 
hmit, and, therefore, the maximum rating, is decided by their ability to withstand 
heat without undue ageing. Considerable research work has been done on this 
su ject, chiefiy by the electrical industry itself, attention being paid especially 
to the effect of heat on mechanical pfopertiest as it is realised that failures ot 
insulations, particularly in rotating machines, are in most cases primarily caused 
y mechanical rupture, usually as the result of depreciation of strength from 
easing, vibration or chemical action. In 1904 and IQ05 extensive tests were 
made at the N.P.L., and in various electrical works, on the effect of heating com- 
mon organic insulating materials such as papers, press-sphan, cotton Taj)es, 
canvM, linen and silk, some being varnished or otherwise treated. As a result 
o this work it was found that some of these products began to deteriorate at 
tem})eratures above 75° C., this being rapid at 125° C., although cotton coverings 
on wes showed no serious alteration up to 125® C.; and, in consetjuence, recom- 
mendations were made that the highest temperature which should be permitted 
with safety for insulating materials of this type is 115" C. at the hottest spot, 
^ter. as the result of experience, the safe limit for untreated cotton and other 
rous materials was reduced to ioo° C., and the British Engineering Standards 
Association fixed upon certain limits for the maximum allowable temperatures of 
machine coils, transformer windings and other electrical apparatus. Thus most 
m^hines using these insulations cannot, with safety, be loaded beyond the point 
which gives the standard temperature limit, and they have to be designed so as to 
prevent the temperature rising licyond this, .such as by making the copper con- 
ductors of adequate size. Similar conditions prevail for apparatus, such as 
transformers, working in mineral insulating oil, but higher temperatures are 
allowed in consequence of the materials being immersed in oil. Engineers are 
constantly striving to obtain insulations which will work safely at higher 
temperatures, recourse having to be made to mica and asbestos for machines 
operating at 120** C.or over. It would, therefore, be of great advantage if cotton 
products could be made which would safely withstand temperatures higher than 
those now aUowed for this type of insulation, as the life and reliability of electrical 
machmes and apparatus could be improved and they could possibly be made 
smaller for the same horse-power. 

Ageing tests are re^larly made upon cotton insulating tapes and cloths by 
tensile, tearing, bursting strength and flexibility determination.s, before and 
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after heat treatment of samples at, say, i io° C. in air and in oil. These tests often 
show up poor quality cotton and unsuitable hnishing processes that leave chemi- 
cals in the textiles which tender the cotton when heated. 

Thermal conductivity is also a matter of some importance, as the heat generated 
in wires and bars insulated with cotton textiles has to pass through these (which 
completely surround the conductor) before it is dissipated to the cooling medium 

The mechanical tests usually carried out on these cotton products are — 
tensile strength, for which the E.R.A. have recommended constant rate of 
increase of load in preference to constant rate of traverse of one testing jaw; 
extensibility under load; tearing strength parallel to the threads (double tear 
method); bursting by air pressure on a disc 7 inches diameter, as for aircraft 
fabric; and other special mechanical tests arc sometimes made. The Flexometer 
method^ ^ of comparing quantitatively the stillness or flexibility of tapes and cloths 
is now being utilised particularly for the varnished fabrics. Ballistic methods of 
testing are now being adopted, and impact tests, with Izod machines, are import- 
ant for the resin-bonded fabric boards. 

Electrical tests of various types are, of coyrse, indispensable for the varnished 
and bonded-fabric inhuhitions. Insulation resistance, dielectric loss and per- 
mittivity tests are frequently made, and electric strength (breakdown voltage) 
tests are made on a routine basis as well as for research . A very important special 
test, to determine the ability of varnished cloths to withstand high electric 
stresses for long periods as in service, has been developed and used by A. R. 
Everest^® in the laboratories of the British Thoinson-Houston Co. Ltd., and has 
been adopted by the B.E.S.A. in BSS. 

Special atlention has been paid in recent years to electrical tests on materials 
under moist, hot and other conditions .simulating those met with in service, 
especially with mechanical stresses applied before or during the tests, e.g. electric 
strength tests on tapes extended bv tension.® (See BSS. 41 <>-1931, Appendix 
111 .) 

Various chcmual tests to determine acidity, presence of inorganic salts, etc., 
are in regular use, the most important being the />h tests. Viscosity determina- 
tions of cuprammoniuni cellulose solutions are also being adopted for checking 
the ageing of cotton products. 


Table VI 

Propertlee of Typical High Grade Synthetic Resin Bonded Cotton Fabric and 

Paper Boards 


Properties 


Density (grnis. per c.c.) 

Density (oz. per cub. in.) 

Tensile strength (lb. per sq. in.) 

Shearing strength (lb. per sq. in.) 

Compression stren^h (lb. per sq. in.) 

Impact strength (ft. lb.) (cross-section of specimen 

1 in. X in ) 

Brinell hardness 

Electric strength (minute value, volts./mil.) — 

0-125 in. thick at 20® C. 

0-125 in. thick at 90° C. 

Electrical breakdown along laminae in oil (kv. per in.)— 

At 20° C 

At 90° C 

Surface breakdown in air (kv. per in.) 

Surface breakdown in oil (kv. per in.) 

Water absorption (24 hours), per cent. 

Effect of hot oil (24 hours at 1 10° C.) 


Synthetic Resin ' Synthetic Resin 
Bonded ('otton ' Bonded Paper 


J’abric Boards 

Boards 

1-39-1-56 

0-8-0-9 

11,000-16,000 

15,600-23,000 

25.000-35,000 

1-2- 1-5 
0-7-0-8 
10,500-17,000 
14,300 . 
16,200 

4-2-7-9 

48 1 

4-5-10-0 

50 

176-320 

70-130 

ITp to 560 
170-350 

62 

15-4 

18-20 

20-22 

0-6-40 

Absorbs 1 -5 to 
4-0 per cent. 1 

15-65 

10-85 

20-5 

24-0 

0-3-10 

1 Unaffected 

1 
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FUTURE DEVELOPMENTS 

The continuance and extension of the successful use of cotton products for 
electrical purposes naturally depend first upon quality, as the technical require- 
ments are beaming more and more severe. Greater care in the manufacture of 
yams and fabrics, with improved maintenance of uniformity, are especially neces- 
sary, and more inspection, testing and technical control, combined with more 
exact knowledge and understanding of these requirements, will undoubtedly 
be the greatest helps to progress. It is of course important that in striving for 
better products the financial side be not neglected, but this is generally controlled 
automatically by competition, and the increasing use of specifications and testing 
ensures the best value for money being obtained. Research is now being in- 
tensively directed to improving the resistance of cotton textiles to heat, moisture, 
fire, bacteria, and various electrical, mechanical and chemical influences, and 
this will undoubtedly improve their reliability, create more confidence in them 
and cause more extensive applications of these products in electrical fields. The 
more pressing and immediate problems are, however : the cultivation and selec- 
tion of suitable fibres ; the development of finishing processes which will render 
the cotton more moisture-resistant and able to withstand higher temperatures 
without undue stiffening and tendering; means of improving thermal conductivity 
and fireproofness without reduction of electrical and mechanical properties; 
reduction of the differences of mechanical stnmgths in warp and weft directions 
to give greater uniformity of cloths; and the general improvement of fabrics 
required for varnishing, so as to enable more uniform and reliable varnished cloth 
insulations to be produced. 

CONCLUSION 

It will be seen from the foregoing that cotton textiles have important and 
extensive applications, as primary insulation and non-conducting mechanical 
supports in electrical apparatus of all descriptions, and a great deal depends 
upon the characteristics of these products, especially the maintoiiancc of the 
important properties under manufacturing and service conditions. 

Considerable rc.search work has been going on for many years on botli funda- 
mental and the more practical problems, which have enabled a fuller under- 
standing of the essential features and characteristics of cotton fibres, yarns, and 
fabrics to be obtained; improved methods of manufacture of both cotton products 
and special electrical insulations embcxlying these; more economic utilisation of 
such materials in electrical machinery and other apiiaratus, resulting in greater 
reliability and better performance of these in all branches of electrical engineering, 
from domestic appliances to power station generators. 

There is a great deal still to be done both by the textile and electrical indus- 
tries, as under the intensive economic stress of modern industrial cx^nditions, it 
becomes increasingly necessary tp use materials more efficiently and effectively. 
The employment of cotton products for electrical purposes is by no means decreas- 
ing, though the form in which they are produced is ever changing, so that by still 
further co-operation between these industries in concentrating upon these prob- 
lems, developments are sure to result which will bo of mutual benefit. 
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in the numerous problems which have arisen from time to time in the utilisation 
of cotton products for electrical purposes. 
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The Chairman, Mr. W. Howarth, introducing Mr. K. 1 . Martin, who delivered 
tlie above lecture, said he exjiertcd Mr. Martin to treat the subject from the 
point of view of an electrical engiiu'er. It was still looking a long way ahead 
to anticipate the general use of electric power. He thought the subject a very 
interesting one and, reviewing the developments which had taken place in the 
last 40 years, he felt it was up to everyone to encourage tlie \jsjons of youtli 
because they were a .splendid driving force. 

At the close of the lecture Mr. Howarth said he lonsitlercd that a ver^' 
complicatc<l subject had been dealt with in a mo.st compt tent manner. It had 
made him realise, and probably many of those present, how much destruction 
could be wrought in insulation from the use of faulty cotton. One hail to strivi 
to secure the u.se of the be.sl when considering the electrical side of the industry. 

A question was asked as to the use of textiles other than cotton for in- 
sulation purposes, wdth particular reference to the insulating powers of cellulose 
acetate yarns and fabrics compared with those of other textiles. 

In reply the Lecturer said that had he dealt with the subject on these lines, 
it would have made his lecture two or three times as long, and therefore he had 
confined himself to cotton textiles. 

Mr. Kershaw said it gave him great pleasure to propose a vote of thanks to 
Mr. Martin as he had worked in close co-operation with him for several years. 
He would like to urge that more specifications were drawn up and issued by 
B.E.S.A. for the production of unvarnished materials for insulating purposes. 
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He referred to the good work done in the researches of the Shirley Institute on 
these materials. 

Mr. F. P. Slater said he was very pleased to second the vote of thanks. So 
far as he could see the electrical industry had gone in largely for cheapness, and 
he felt it might not be worth while spending a great deal of money in research 
on cotton textiles if the best materials available were not called for by the 
engineer. In the past, progress from the cotton end had been held up from 
economic reasons. He would like to be assured that it was worth while, 
especially from the research worker's point of view, to pursue the subject. He 
had nothing but praise for the comprehensive survey of the subject given by Mr. 
Martin, and most heartily endorsed Mr. Kershaw's remarks and vote of thanks. 
The vote was cordially given and Mr. Martin suitably responded. 


WOVEN FABRICS AND YARNS 
Over £150 in Prizes awarded by the Textile Institute 

The awards in connection with the current year’s competitions of this Institute 
are as follow — 

(A) COMPETITION (Crompton Memorlal>->WOV£N FABRICS 

Equal First Prizes (each £^o and Certificate)— H. Schofield (Nelson Municipal 
Technical School) and A. Johnson (Leeds ITniversity). 

Equal Third Prizes (each £i$ and Certificate)— K. Nicholls (Bradford Technical 
College) and James Wild (Manchester College of Technology). 

Prizes of £$ each — J. F. Levers (Blackburn Municipal Technical College), J. North 
(Bradford Technical College), and John Wild (Colne Municipal Technical 
School). 

(B) COMPETITION— NOVELTY FOLDED YARNS 

First Prize (£y) — B. Crossland (Bradford Technical College). 

Second Prize (£5) — J. F, Levers (Blackburn Municipal Technical College). 
Third Prize {£^) — A. E. Hyam (Blackburn Municipal Technical College). 

(C) COMPETITION— NOVEL WOVEN FABRIC 

First Prize (;fio) — E. W. Wood (Dewsbury Techniail C(.)llege). 

Second Prize (;£5) — J. North (Bradford Technical College). 

Equal Third Wzes (each £^) — F. Howard (Dewsbury Technical College), H. 
Jennings (Batley Technical College), J. Priestley (Huddersfield Technical 
College). 

(D) COMPETITION— WOVEN FABRICS (Special Students) 

First Prize {£5) — J. H, Lee (Burnley Municipal College). 

Second l^rize (£s) — J- Dunn (Keighley Technical College). 

Equal Third Prizes (each £2) — S. l^e (Bradford Technical (Allege) and 
S. Bairstow (Keighley Technical College). 

The Adjudicating Committee of the Institute reports that although the 
number of competitors in the major competition, which demands specimens 
representative of several groups of fabrics, is not quite up to the average, yet 
the general level of attainment is distinctly high. The uniformly high merit 
was such, in fact, that reapportionment of the prize awards had to be ehected 
and the total prize money increased. Improvement is most marked in small- 
scale design, subtle harmonies being successfully experimented with in many 
instances. In designs of bolder character — for upholstery, table covers, etc. — 
originality is not quite so pronounced. As to the costing of certain cloths, several 
competitors failed to provide calculations in complete form. 

’The competition for novelty folded yams produced many attractive specimens, 
and in certain instances competitors have successfully achieved the presentation 
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at a number of well-defined types, which is of more importance than the offer of 
several examples of somewhat similar type. 

The special competition for a woven fabric of novel structure produced the 
largest number of exhibits yet recorded, and the whole collection is noteworthy 
from the point of view of effective choice of yams. 

Throughout the competitions, the participants generally do not present 
adequate statement of claim in regard to the novel or other special features and 
intended purpose of the specimens submitted. In the conditions for next year’s 
competitions, the Committee propose to insert suitable clauses to cover this 
requirement. 

The presentation of prizes will take place at the Institute, Manchester, on the 
afternoon of Saturday, 5th December, and on the previous day (Friday, 4th 
December) the specimens will be on exhibitirm. 


NOTES AND NOTICES 

Institute’s Annual Competitions 

The annual distribution of prizes awarded in connection with the Institute’s 
Competitions for the current year in respect of Woven Fabrics (Design and 
Structure) and Yarns, produced by advanced students at the various technical 
colleges and schools, has been fixed to take place at the Institute headquarters 
premises, Manchester, on the afternoon of Saturday, 5th December. The amount 
of prize-money to be awarded this year exceeds £150. Although the number of 
participants in the chief competition— that for the Crompton Memorial Fund 
prizes— is not quite up to the average strength, yet the general high level of merit 
was such that the adjudicators were compelled to readjust the amounts of prize- 
money and to increase the total amount awarded. The exhibits will be dis- 
played on the occasion of the presentation of the prizes and they will be publicly 
shown on the day previous — FTiday, 4th December. The Committee in charge 
of the Competitions Scheme have, for many years past, maintained a progressive 
policy with regard to the conditions attached to the competitions. In regard 
to the pro.sjiectus for 1Q32, further revision was suggested at last meeting of the 
Competitions Committee and it was decided to hold a special meeting on Friday, 
27th November, for the consideration of the details of the programme. 

Second Institute Scholarship 

Vnder the terms of the special grant to the Institute by the Cotton Trade 
War Memorial Fund and the Cotton Reconstruction Board, the second scholar- 
ship to be awarded under the scheme was confirmed at last meeting of the Council 
of the Institute. The award was in favour of William Ciraham, of Blackburn. 
Receiving evening technical instruction at the Blackburn Technical College, 
this successful candidate gained many distinctions. He has already left ‘his 
ordinary occupation as an automatic loom weaver and entered upon his full-time 
courses of study under the Scholarship at the Manchester College of Technology. 
The first holder of the Institute Scholarship, Alan Ratclitfe, of Walkden, near 
Manchester, has entered upon his second year work at the college named and the 
official report as to his efforts in 1930 has been accepted as highly satisfactoiy” 
by the Institute Council. 

Federation of Textile Societies 

At a meeting of the Committee of Management of the above-named organisa- 
tion held at the Textile Institute, Manchester, on Saturday, 14th Novemlier, the 
arrangements for the next Annual Meeting and Conference of the Federation 
were considered. The date of the event, ylh May 1932, was confirmed. The 
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event will take place at Bradford by kind invitation of the Bradford Textile 
Society. Mr. E. M. Roberts, representing the Society named, outlined the 
arrangements contemplated and the Chairman of the Committee, Mr. J. Burgess 
(Ashton-under-L3me), expressed appreciation of the steps already taken by the 
inviting society. It was announced at the meeting that Mr. W. Munn Rankin, 
M.Sc., Principal of the Burnley Municipal College, would be nominated by the 
Burnley Textile Society for election as President at next Annual Meeting, to 
succeed Mr. J. W. Wolstenholme, of Rochdale. It was reported that the number 
of organisations now in membership of the Federation is 35, and that the newly- 
formed Belfast Textile Society was applying for membership. 

Textile Institute Diplomas 

Election to Fellowship has been completed since the appearance of the previous 
list {September issue of this Journal). 

FELLOWSHIP 

HAIGH, Ernest Varley (Manchester). 

Institute Membership 

At the October meeting of the Council the following were elected to membership 
of the Institute — R. Bleasdale, 14 (Msburn Place, Blackburn (Laboratory Assist- 
ant); P. S. Cox, 35 Chapel Street, Brierfield, Lancashire (Student): James Fair- 
clough, 26 Bowker Street, Higher Broughton, Salford (Asst, to Buyer in Whites 
Department); Walter harrar, 53 Burnley Road, Blackburn (Asst. Winding Over- 
looker); J. A. Hankinsoii. 71 New' Park Road, Salford, Manchester (Asst, in 
Weaving Department); Jim Hulme, 07 Crescent Road, Dukinficld (Weaving 
Manager's Assistant) ; Wm. Pickup, 30 Rose Lane, I>eepdale, IVeston, Lancashire 
(Cotton Technician); W. j. Savory, 47 Douglas Street, Derby (Chemist Dyer); 
W. H. Towle, Mountfields, Forest Road, l.oughb(>rough (Assistant at Hosiery 
Manufacturers); Paul 1 >. Vincent, 17 Old Kiln Lane, liolton (Research Depart- 
ment); G. White, 0<) Stanley Road, liolton (Manager’s Assistant) 

At the November meeting of the C ouncil the following wen* elected to member- 
ship of the Institute- R. ('. Boyce, “Eastrop," 147 Ashby Road, T^oughborough; 

M. V. Campbell, "Dilkhusa,” Ifcauchamp Avenue, Kidderminster (Head Dyer); 
E. (i. C'ubbin, “Harewood,” Woodgates, Rothlcy, near Leicester (Trainee'); 
A. H. C^entle, “Hill Close “ Spondon, near Derby (Textile Designer); D. C. Gwillim, 
49 Mill Street, Bar\vell, Leicester (Hosiery Manager); D. Leut\, “Btixworlh," 
36 Slater Avenue, Derby (boreman. Hosiery Dyeing and Finishing Department); 

N. P. Newsholmc, “Oakfield," Utley, Keighley (Asst. Manager, Spinning Depart- 
ment); F. C. Price, “Kverleigh," ^8 Wilmot Street, Heanor, Ma Nottingham 
(Hosiery Examiner). 


REVIEWS 

Handbach det Zeugdmckt. Part IV. By. G. C/corgicvics, R. Haller, and L. 

Lichtenstein. Leipzig: Akademische VerlagsgeseUschaft m.b.H. (pp. xx-| 
xvi4i,24o, with three large tables and 70 pp. of patterns). 

The final part of this work (containing the contents, tables, and indexes for 
the whole book) shows no diminution in the quality of its predecessors (see 
this Journal, April 1929, p. 96; Sept. 1929, p. 161), and brings to a fitting con- 
clusion the most exhaustive treatment that has ever been received by the intricate 
subject of textile printing. An interesting section on “Pigment and Metal-powder 
Printing,’* by R. Dzrsc, reveals the great ingenuity which has been exercised in 
exploiting the permutations of inorganic and organic pigments, metal x^wders, 
wool, cotton, and other finely comminuted substances on the one hand; and of 
oils, albumin, cellulose ester solutiens, and similar other vehicles on the other. 
In the attached patterns there is one example of a table damask design, re- 
produced by printing untinted cellulose acetate paste, w^hich requires careful 
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examinatioii to convince one that the design is not indeed woven. Near by are 
some spectacular metal prints on velvets, etc., and a very beautiful example of 
spray pmting. A long section on “Finishing,** by O. Gaumitz, surveys the 
subject in an extensive fashion, and is follow^ by articles on wool and si lk 
printing; mordant prints (with, as is natural, an adequate -treatment of the 
natural dyestuffs and a fine display of Paisley designs); and, finally, a section 
upon the origin of faults in the fabric occurring during the printing and finishing 
processes. This last article, by Prof. J. Savanovits, makes attractive reading. 
He does not seek so much to give exhaustive details of the diagnostic method 
as to inculcate a commonsense and systematic approach to the problems which 
present themselves. There are simple schematic divisions of the common tests 
for the various types of materials, set out as large tables, and a long collection 
of references to original papers. F.S. 

The Britisk Colour Council: Sirring Seaton Colour Card 1932; and Spring Seaton 
Wool Colour Card 1932. 

These copjnright cards are attractively produced and contain 60 and 40 
shades respectively, generally of a rather more striking character than in previous 
issues. Inquiries made from distributors, producers, and coloui makers rather 
point to insufficient use being made of these carefully selected ranges of shades. 
At the same time it is noteworthy that several leading firms, both distributors of 
coloured textiles and producers of the same goods, are now issuing a card period- 
ically in substitution of their own shade cards, and doubtless this lead will lie 
followed by the smaller independent firms when they fiiU}^ realise the considerable 
saving of both time and expense which this procedure means to them. The 
production of a pattern card, however modest, in most small concerns is an 
event of importance and entails an amount of time, thought, and expense entirely 
out of proportion to its value to the producer ip most I'Hses. The textile pro- 
ducers of this country arc slow to adopt any new idea until they are convinced 
that the innovation is likely to lie of considerable benefit, and from the investiga- 
tion carried out it appears that the points outlined above have not been fully 
considered by the trades concerned. If a suggestion might be made to the 
Hritish Colour Council, co-option of feminine opinion before the production of the 
next issue would probably result in an improvement of the ranges and the cutting 
out of dead wood. J.R.S.G. 

PhyfikaUtch««techiiischet Faterttoff«Praktikum. Prof. Hr. Alois Herzog and 

Dr. Krich Wagner, Published by Julius Sprmgcr, lierlin, igji (pp. viii+ 
145 -h 21 loose tallies in pocket, 15 Marks.) 

This volume is a combination of laboratory manual and reference Ixxik containing 
tables of the physical-chemical constants of fibres, in addition to which many of 
the tables and formulae are given again in the form of loose graphs and nomo- 
grams carried in a pocket in the back cover. The first part of the book is arranged 
as a series of selected practical exercises, of which the 43 examples given cover 
textile microscopy, and chemical, phy.sical-chemical, and physical methods. In 
eaich of these the problem is stated, the apparatus recjuired is indicated, the 
technique is described, and finally the working out of an example is shown. The 
treatment of the material is both concise and lucid, and should enable any one 
with a general knowledge of the subject to follow the experimental technique 
quite readily, though naturally with such a wide range of subjects packed into 
43 examples, only the more important methods could be selected and, inevitably, 
opinions would differ as to which is the most desirable selection. Yet it certainly 
seems a pity that no reference is made to the methods or data of the viscosities 
of cellulose materials in cuprammonium solution. The tables of data contained 
in the second part of the book are extremely valuable, since many of these have 
never been collected together in one volume before, and especially to English 
readers, since the major portion of them has been collected from journals which 
are not readily accessible in this country. A very wide field is covered and in- 
cludes a list of chemical reagents with their uses in iibre investigations, summaries 
of the chemical behaviour of fibres, the dimensions, strength, moisture content, 
ash content, refractive indices, specific heat, specific weight, heat conductivity, 
and so forth of fibres, as well as more technical data such as twist constants, 
conversion data for different systems of yam coimts, and weights and measures. 
Certain of the data and the calculations embodying them lend themselves to 
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graphical tteatmenti as, for example, the conversion of yam counts, whilst many 
of the cakulittions involved in the methods given in the first part of the book also 
lend themselves to a ^milar treatment, and ^ese are also represented in the nomo- 
grams given in the pocket at the end of the book. Graphical methods save a 
great deal of time in making calculations, such as are used in textile investigations, 
where the degree of accuracy required is not too high. However, in spite of this, 
they have be^ neglected very largely, so it is all the more interesting to find such 
wholehearted use of them as is the case in the volume under review. A minor 
criticism is that the sources of data are not given, beyond the names of the 
authors. However, a more serious criticism of the book is that there are no 
indices, so that its use as a work of reference is prejudiced by the waste of time 
involv^ in finding the particular information required. The contents table at 
^e beginning is a very inadequate substitute for an index, and it is to be hoped 
that the authors will rectify this defect in future editions. J.M.P. 

Lancashire •ed the Far East. By Freda Utley. Published by George Allen and 
Unwin Ltd., London. (Pp. 395, i6s. net.) 

The first impression of the reader of this bc^k will be one of admiration for the 
indu.stry and energy which the author has obviously applied to the collection 
of her material. A closer study of the book, however, may raise doubts as to the 
reliability of some of the sources from which the evidence is drawn. We are told, 
for example, that in compiling particulars of Japanese production and costs, 
Miss Utley was careful to obtain her information in a roundal)Out way. Details 
of production were obtained from the engineer, numbers employed from the 
manager and her own observation, wages paid from another member of the staff, 
and so on. The Lancashire reader will naturally ask himself whether he would 
feel safe in calculating the cost of a Lancashire mill from information gathered in 
this way. Miss Utley has certainly gathered together an impressive array of 
statistics. It is, of course, possible to find figures which will support almost any 
argument. The duty of tlic statistician and economist, however, is to shape 
theories to suit facts; not the reverse. It is, therefore, rather alarming to find 
on different pages, supporting differing arguments, these three passages, . . 
the Indian mills having practically a monopoly in yams below 30’s,'' “. . . 

hand-loom weavers mainly use imported yarn,” and “The usual type of hand- 
woven cloth is made of yams of counts 7’s to 2o’s.” Fortunately, Miss Utley 
shows quite early in the book the direction in which she wishes to lead the reader. 
Lancashire will be surprised to learn, from page 72, that “The standard of living 
amongst Lancashire cotton workers is terribly low. . . , the clothing of both 

men and women is terribly poor . . . Their homes are bare of the first 

necessities of life.” Miss Utley havS, of course, undertaken an admittedly difficult 
task in trying to contrast Lancashire and Japanese costs of production. Ex- 
perienced investigators know the difficulty of even obtaining a strict comparison 
between two Lancashire mills. Pounds of yam, even when of the same count, 
are not like peas in a pod. They can be distinguished one from another. Miss 
Utley, however, appears to have been aided by a refreshing innocence of commer- 
cial practice. We read on page 53, for example, referring to Lancashire costs, 
”... the cotton broker tak^ J per cent., the yarn agent i per cent., and the 
cloth agent per cent., whilst in Japan this combined 3 per cent, on prices is 
eliminated. . .” It does not seem to have occurred to Miss Utley that these 
different percentages are based on different amounts, and that if they were all 
based on the selling price of the finished article, their total would be very much less 
than 3 per cent. One natuially wonders whether her conclusions as to Japanese 
costs are based on similar misconceptions. Apart from the conclusions of the 
author, however, this book would still be a valuable work of reference if the reader 
could feel sure that the energy expended in compiling the information had been 
matched by care in checking the figures. A statement on page 77 that Japan 
has 86,000 hand looms and one on page 181 that in 1927 there were 99,684 hand 
looms in Japan, raiw^ doubts, however, which reenve support from other parts of. 
the book. For example, on page 286 is a table giving the consumption in India 
of machine-made cloth, calculated from home production, imports, and exports. 
Unfortunately, Miss Utley has neglected to take account of exports by land, 
which are not inconsiderable. Even the statistics, therefore, can hardly be used 
safdy except by those who have access to the original sources. R.W.L. 
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Examination in General Textile Technology 

An examination in General Textile Technology in coimection with 
applications for the Associateship of the Textile Institute took place at 
Headquarters, Manchester, and simultaneously in London, Glasgow, Notting- 
ham, Bombay (India), Mt. Gambicr (S. Australia), Buenos Ayres, and Sao 
Paulo (S. America). For the information of members and others interested, 
the examination paper, in two parts, is published hereunder — 

PART 1 (SECTIONS I AND V OF SYLLABUS) 

10 a.m, to 1 p.m. — 9th December 1931 

Candidates to answer THREE out of FOUR Questions in each 

Section of Part I 

Section I — ^Fibres and their Production 

(1) With reference to its physical properties, state why flax may be con- 
sidered superior to cotton for the following purposes— Sheetings; 
aeroplane wing fabric; table napery; face towels; glass cloths. 

(2) What is meant by the term “quality" as applied to wool, and how is it 
assessed ? Discuss quality in relation to length, diameter, and crimpi* 
ness of the fibres. 

(3) Artificial humidification is not equally indispensable for the successful 
manipulation of all types of fibre. Discuss the relative sensitivities of 
the main textile fibres to humidity conditions, and state in each case 
where artificial humidification is necessary and why. 

(4) Write a short essay on flax production in Europe, describing the general 
character of the fibre produced in the areas you mention. 

Secdon V— Analysis and Testing of Raw MaterialSt YarnSi 

and Fabrics 

(1) State what you understand by the following terms— Breaking strain; 
elasticity; extensibility; stress-strain diagram; moisture content. 

(2) Suggest some method by which you could measure the angle of twist in 
a yam. 


B 
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(8) You are asked to examine a fully bleached cotton garment which Aows 
excessive wear after repeated laundering. With a sample of the original 
material in your possession, how would you proceed to determine 
whether the laundering was responsible ? 

(4) What are the factors which determine the manner in which the threads 
break down in the lea or skein test ? What precautions should be taken 
to make the latter as satisfactory a test as possible ? 

PART 2 (SECTIONS II, III, AND IV OF SYLLABUS) 

2.30 p,m, to 5.30 p,m, — 9th December 1931 

Candidates to answer TWO out of THREE Questions in each 
Section of PART 2 

Section II— Conversion of Fibres into Finished Yarns 

(1) Briefly describe the processes necessary to convert raw wool into 
(a) woollen yam, (b) worsted yam. 

(2) What advantages have doubled yams over single yams ? Name the 
particular purposes for which doubled yams may be used advanta- 
geously. 

(3) Trace the evolution of the spinning frame and give a brief account of 
later developments, illustrating by reference to any particular fibre. 

Section III — Conversion of Yarns into Fabrics, and Fabrics 
produced by Special Methods 

(1) Under what circumstances is it advisable to use two or more warp beams 
in the process of weaving ? Give two examples of typical fabrics for 
which two or more beams are essential. 

(2) Sketch and describe any one method employed in weaving machinery for 
controlling the interlacing of warp and weft threads. 

(3) Define the following terms used in the knitting industry — Gauge, wale, 
course, merino, wheeling and fingering yams, latch needle, spring or 
bearded needle. 


Section IV — Conversion of Fabrics into Finished Materials 

(1) What do you understand by the term “finishing" in relation to textile 
fabrics ? Describe any one method of finishing a fabric composed of 
either (a) silk, (6) wool, (c) cotton, (d) linen, or {e) artificial silk. 

(2) Contrast the actions of caustic soda and sulphuric acid, each under vary- 
ing conditions of concentration and temperature, on wool and cotton. 
Describe how the changes produced can be utilised industrially. 

(3) What are the principal bleaching agents used for (a) cotton, {b) wool 
and {c) silk ? Describe the application of one of them to piece goods. 
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ANNUAL COMPETITIONS OF THE TEXTILE INSTITUTE 
DESIGN AND STRUCTURE OF WOVEN FABRICS 

The presentation of the prizes awarded in connection with the 1931 Com- 
petitions of the Institute was performed on Saturday, 5th December, at the 
Institute, Manchester, by Mr. Henry Binns of Bradford. Fellow, and Chairman 
of Council ; an enthusiastic supporter of many movements associated vnth technical 
education in relation to the textile industries. Mr. Binns was introduced by Mr. 
John Crompton, Chairman of the Competitions Committee, who presided and 
welcomed the participants in the competitions and the representatives of various 
colleges and schools in attendance. He considered that the exhibits formed a 
highly satisfactory collection and he warmly congratulated the competitors 
generally. The task of the adjudicators had been diflicult and in the principal 
competitions it was found impossible to separate the leading albums. 'J herefore, 
two equal first prizes and two ec^ual third prizes were awarded. He was glad to 
note a growing tendency on the part of competitors to submit draping lengths 
of cloths and trusted that in future years this practice would be more generally 
adopted. It was far more satisfactory that lengths should be available for 
exhibition purposes. 

Mr. Binns, who subsequently presented the jirizes, sajd that after carefully 
examining the beautiful samples produced for the various competitions, three 
impressions were uppermost in his mind. Firstly, he felt great admiration for 
the designs and colours exhibited; secondly, he felt — the result of his experience 
as commercial traveller, no doubt — ^that he would like to be selling these fabrics; 
and thirdly, he was impressed by the etlort put fojih not only to produce the 
specimens, but in setting out their particulars and costings. 

The Prince ol Wales and Sir Francis Goodenough had repeatedly drawn 
attention to the neeils of British industry in the matter of efficient salesmanship, 
both at home and abroad. He, the speaker, saw no reason for withholding from 
salesmanship the same careful consideration given to production. The same 
precision of measurement was not possible in both cases, but in salesmanship 
such precision was not, perhaps, necessary. In his opinion the general principles 
governing the exercise of judgment were already sufficiently clearly defined for 
commercial guidance. 

Salesmanship did not admit of too much generalisation, and distinction must 
be made between the selling of electrical plant and of dress goods. Mr. Binns 
said he proposed to confine his remarks to the textile trade. In this industry, or 
collection of industries, certain groupings could be discerned. 

Firstly, there were the Producers, concerned with processes from the raw 
material to the finished goods. In this field more and more accurate measure- 
ment was possible and a vast amount of .special knowledge had been built up. 

Secondly, there were the Retail Distributors and Consumers who sought to 
anticipate and supply the requirements of users of textile products. Consumers, 
in his opinion, developed judgment to some extent as a result of having money 
and as a result of experience in spending it. 

Between these two groups was a less clearly defined group — Agents, Merchants, 
Garment-makers, and Wholesale Buyers. In this group occurred high develop- 
ment of what the speaker called “intuitional” judgment. 

Broadly speaking, contact between producer and consumer is made by way 
of the commercial traveller to the retailer. He restricted the word “salesman” to 
individuals who sold commodities from one section to another within a group; 
the commercial traveller was the link between the main group of producers 
and the other main group of consumers. Thus the commercial traveller was 
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an intennediary between the technical knowledge and skill of the producer and 
the trained judgment of the retailer. The more he had in common with both 
groups the more efficient link he would be. 

Mr. Binns then surveyed the chief functions of a commercial traveller. He 
must be able to retain old accounts and open new ones. He must sustain and 
create an emotional interest between his firm and their present and potential 
customers. This sounded perhaps simple, but in practice was often very difficult; 
to some individuals it was an impossible task. Correspondence and advertising, 
while valuable allies, could not supersede the individual contact. 

Behind the representative's duty, said the speaker, was the firm's duty — 
that of supplying goods both smart in appearance and attractive in handle, and 
if to the superficial, intrinsic value can be added, competition can more 
successfully be met. With this duty was that of working upon courteous 
and efficient business methods. 

Mr. Binns then stated that in his opinion the assumption that the technically- 
qualified man and the commercial traveller were distinct types and never com- 
bined in one individual, was erroneous. He thought that among the AssCciates 
of the lextile Institute a far-sighted firm might find ideal representatives 
in the commercial sphere. Such a qualified man, possessed of a good 
general education, of a general knowledge of textile technology, and of 
detailed knowledge of a specific section of the textile trade, and also 
some knowledge of applied science, could arouse interest in materials about 
which he was fully informed technically. Such well-qualified men, if put 
"on the Road" and given freedom, would no doubt enthusiastically add to their 
qualifications those others, such as languages, economics, and a knowledge of 
local customs, w’hich it had been pointed out were sadly lacking in some of this 
country's overseas representatives. 

He felt sure that the prestige of the British textile trade would increase in 
the world's markets in proportion as we were able to back our selling forces 
with intellect, knowledge, the power to sustain an emotional interest, and 
character. 

On the motion of Mr. T. E. Mitchell (Rochdale), Chairman of the l^cashire 
Section of the Institute, seconded by Mr. H. Holroyd (Huddersfield), who attended 
as representing the Federation of Textile Societies, Mr. Binns and the Chairman 
(Mr. Crompton) were warmly thanked for their services. Visitors were after- 
wards entertained to tea, and inspection of the exhibits of fabrics and yams 
proceeded until about 6 p.m. 

In the evening, the exhibition was visited by members of the British Associa- 
tion of Managers of Textile Works, and an hour's entertainment was provided 
by Mr. Crompton, who, by means of the lantern and screen, showed a large col- 
lection of film records depicting scenery registered in the course of his recent 
world tour. 

Mr. R. J. H. Beanland (Qayton West, Huddersfield), on behalf of the Council 
of the Institute, welcomed the Managers and their friends, and said he thought 
the visitors would agree that the exhibits resulting from the current year's com- 
petition were highly creditable and encouraging. The exhibits denoted real 
enthusiasm in relation to the branches of the industry with which the competitors 
were associated. Coming from Yorkshire, he was glad to find so good a proportion 
of the prizes were awarded to competitors in that county. Financial support 
lor the Institute's Competitions had not yet been forthcoming from the wool 
interests, but he would like to assure Mr. Crompton that this matter was receiving 
earnest consideration. Indeed, he hoped that before another year passed this 
omission of support would be remedied. 
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Mr. Fletcher Chadwick, President of the Managers* Association, returned 
thanks for the cordial welcome and said the Managers greatly appreciated the 
opportunity afforded each year of demonstrating their interests in this particular 
branch of the activities of the Textile Institute which Mr. Crompton had so 
generously supported. 


London Section 

Meeting at the Clothumkers’ Hall. Mincing Lane, E.C., on Tuesday, loth 
November 1931 ; Mr, G, M. Canham tn the chair, 

RECENT DEVELOPMENTS IN THE STUDY OF WOOL 
FINISHING PROCESSES 

The Chairman introducing the lecturer. Dr. J. B. Speakman of Leeds Univer- 
sity, said he was sure the meeting welcomed Dr. Speakman and was anxious to 
hear his lecture. 

Dr. Speakman said that he considered it a great privilege to speak to the 
London Action of the Textile Institute, and particularly was it a privilege to 
speak in the Hall of the Clothworkers' Company since the Company had behaved 
so generously to the Textile Department of the University to which he had the 
honour to belong. 

Continuing, he said that his lecture would be an attempt to define the part 
played by the surface scale structure of the wool fibre in wool finishing processes. 
The scales were far more resistant to chemical and mechanical attack than the 
interior of the fibre, and for a fabric to possess the best wearing properties, it was 
essential that the scales should be preserved intact. It had recently been shown 
that wool was immune to attack by acid and alkali between pu 4 and pn 8, and for 
wool to remain undamaged during scouring, the operation must be carried out 
between these limits. The importance of this result became apparent when it 
was remembered that the maximum scouring efficiency of soap solutions was 
only realised at pK 10*7, while an 0*5% solution of soda had a of 1 1. It was 
possible to preserve wool intact through the scouring process by the adoption 
of suint scouring, the commercial scouring liquor being said to have a pH of about 
77, within the stability region. Similarly, piece scouring could be made com- 
pletely safe by the use of Igepon A, which dissolved in water to give a pH of about 
6*5. Unfortunately, the milling process could only be carried out in relatively 
strongly acid or alkaline media and the full benefits of preserving the wool intact 
through the scouring processes would only be realised with worsteds. 

The nature of milling shrinkage was next considered by the lecturer in detail 
because it was the most important of all wool finishing processes and because 
the ability of wool to felt had led to the development of an unshrinkable finish 
for hosiery goods. The method for measuring the scaliness of different wools was 
outlined and it was shown that no perfect correlation existed between scaliness 
and milling power. Although the scales were directly responsible for the occur- 
rence of milling shrinkage, other factors played a part in determining the relative 
milling properties of different wools. Experiments were quoted to prove that, 
other things being equal, increasing fibre length and fineness would be accom- 
panied by increased rates of milling. Attention wa.s next directed to the fact that 
the rate of shrinkage of a fabric under defined milling conditions increased with 
increasing acidity or alkalinity of the milling agent. Experimental data for 
hydrochloric, sulphuric, and acetic acids were quoted and it was shown that the 
swelling of wool fibres also increased with increasing acidity or alkalinity of the 
milling agent. On the other hand, it was shown that the rate of shrinkage of wool 
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falirics on a milling machine was at a maximum at about 43'5** C., whereas the 
swelling of wool fibres in water was at a minimum at about the same temperature. 
Thus as regards changing pn of the milling agent, the rate of shrinkage increased 
with increasing swelling, whereas with changing temperature, the rate of shrink^ 
increased with decreased swelling. This contradiction proved that fibre swelling 
played no direct part in milling shrinkage and some other factor must be sought 
in its place. This was the ease of extension of the fibre. Increasing acidity, al- 
kalinity, and temperature all make fibres easier to stretch and, further, there 
was no difficulty in visualising how ease of extension might facilitate milling 
shrinkage. The theory developed was a combination of the views of Arnold and 
Shorter but it remained to show why milling shrinkage should take place most 
rapidly at 43'5° C. when fibres became increasingly easy to stretch at temperatures 
up to 100® C, The reason was that not only must a fibre become easier to stretch 
for milling to take place rapidly, but it must also retain a high power of recovery 
from extension. There was marked hysteresis between the processes of extension 
and contraction and its extent was at a minimum at about 40® C. Above this 
temperature, the facilitation of milling shrinkage by increasing case of extension 
of fibres was opposed by increasing hysteresis between extension and recovery, 
with the result that a temperature of maximum milling was realised. From 
these experiments it became clear that two things were required of a fibre 
before milling skrinkage could occur: that it should possc.ss a surface scale structure 
and that it should be perfectly elastic. The attempts which had been made 
to produce milling shrinkage with rayon fibres by giving them a surface scale 
structure were therefore misguided, because such fibres were remarkable for 
imperfections of elasticity. This discovery of the two-fold cause of milling 
shrinkage had an important bearing on the methods employed for imparting an 
unshrinkable finish to hosiery goods. Hitherto, all such methods had aimed at 
making wool unshrinkable by rendering the scales inoperative by means of chlorine 
or hypochlorous acid, but such treatment was accompanied by a marked reduction 
in wearing properties. There appeared to be no way of escape from the dilemma 
that hosiery goods were either defective because they shrink or because they 
possess inferior wearing properties, but it is now clear that there was a second 
way of making wool unshrinkable — by making it imperfectly elastic. There 
was no necessity to make this imperfection of elasticity permanent; what was 
required was that some agent should be added to the scouring medium which 
makes fibres imperfectly elastic while scouring was carried out, the reagent 
being removed during washing ofi and perfect elasticity then restored. In thia 
way it would be possible to retain the high wearing properties of undamaged wool 
fibres without encountering the difficulty of excessive shrinkage, and the necessity 
for any unshrinkable finish would disappear. 

The Chairman said he was sure that everyone present had appreciated the 
clear presentation of his subject that Dr. Speakman had given. He invited 
questions. 

Mr. L. J. Mills (Fellow) asked what effect the scouring and milling processes 
had on carbonised wool, and whether the surface scales were damaged during 
the rag-pulling processes. He also wished to know what effect from the finishing 
point of view, the acid used in carbonising had upon carbonised wool. He took 
the opportunity of proposing a hearty vote of thanks to Dr. Speakman. 

Dr. Spealman, replying, said recovered hairs suffered two ways. Pulled 
wool was short, and for shrinkage a long staple was required. Again during wear 
and during the tearing operation scales are worn off the individual hairs. Snch 
hairs were possessed of httle "life" and milling would necessarily be slow. The 
loss of scales would also reduce the wearing qualities of the ultimate fabrics. 



Yorkshire Section Assembly at Bradford pi9i 

F&brics xn8id6 from rocovcred wool hsui a. tendency to crease easily and per- 
manently. It was well known that carbonised wool was harsher in handle, and 
this might be due to the efiect of the carbonising process on the wool scales. 

The vote of thanks was seconded by Mr. A. Hardman (AssQpiate) and carried 
unanimously. 


YORKSHIRE SECTION ASSEMBLY AT BRADFORD 

A social gathering of members of the Yorkshire Section of the Textile Institute 
took place at the Midland Hotel, Bradford, on the evening of the 19th November 
last. Mr. Arthur Saville, the Chairman of the Yorkshire Section kindly invited 
the whole of the members ot the Section, together with a few fntnds, to an as- 
sembly arranged so that they could meet the President of the Iii<;litute (Mr. 
George Garnett of Bradford) and others. It was a gathering for the fraternisation 
of members. Several addresses were contributed and the proceedings took the 
form of a smoking concert. Mr. Saville introduced Mr. Garnett, and, in doing so, 
expressed the general sense of appreciation which prevailed as a result of Mr. 
Garnett's acceptance of the responsibility of the presidential office. Welcoming 
the large response to his invitation to that gathering, Mr. Saville said his object 
was to bring members together and, by this event, secure close contact with the 
President (Mr. Garnett), Past-President (Mr. John Emsley), Mt. Edford Priestley, 
and others. Mr. Garnett had been one of the warmest supporters of the Institute 
movement since its foundation and had thoroughly earned the distinction of elec- 
tion to the highest office. The name of Mr. John Emsley was indelibly associated 
with one of the most important movements ever undertaken by the Institute — ^The 
obtaining of the Royal Charter under which the Institute became authorised to 
award certificates of competency to the textile technologist and to conduct exam- 
inations in relation to such awards. In 1922, Mr. Emsley, as l^esident, set himself 
the task of promoting a scheme of lasting benefit to the Institute and to the 
1 ndustry, and so determined was he in the pursuit of the object that he remained 
in office for four years until the object was achieved. I'he scheme of granting 
qualifications in the form of Associateship and Fellowship had proved distinctly 
successful. It was gratifying to know that Yorkshire was taking a creditable 
share of these distinctions. To-day, there were 165 Fellows and 215 Associates 
and in these totals Yorkshire was represented by 40 and 45 respectively. In 
the matter of Institute publications, proposals were in hand for development. 
The importance of the Information Bureau of the Institute was being emphasised 
and inquiries, as to textile literature references, sources of supplies of various 
descriptions, and statistics, were increasing rapidly. Students of the various 
technical institutions were encouraged by the Institute's annual competitions 
in regard to design and structure of woven fabrics and several prizes were awarded 
this year to West Riding representatives. He urged all members to consider the 
Institute as their own organisation and he particularly welcomed the younger 
members, some of whom were Associates, because the future of the Institute 
would depend greatly upon their attitude to the movement. 

Mr. George Garnett (President) thanked Mr. Saville for his welcome and hoped 
the gathering would result in the formation oX many lasting friendships. The 
Institute had a great future before it, and if the spirit which had prevailed in the 
movement in the past, involving enormous devotion and self-sacrifice, was carried 
forward, a much higher position would be attained. 

Mr. John Emsley congratulated Mr. Garnett on his election and he appealed 
especially to the young men for unwavering loyalty to the Institute. 

Addresses were also contributed by Mr. Frank Hopkinson. Mr. Edford Priestley 
and Mr. T, Halstead, and, at intervals, songs were contributed. 
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Midlands Section 

KNITTING MACHINE DEVELOPMENTS 

The first meeting of the 1931-1932 Session took place at Nottingham in the 
Recreation Room at the premises of Messrs. 1 . & R. Morley. Mr. Thomas 
Morley, Chairman of the Midlands Section Committee, occupied the chair and 
introduced the I^turer — ^Mr. J. Chamberlain (Fellow). 

Referring to the fact that industries depended upon supplies of raw material, 
and upon machinery developments, the lecturer said that in the knitting industry 
machinery changes were constantly being made, and in his opinion this state of 
things was likely to continue. Ten years ago there were no 300-needle machines, 
nor were spring-needle hose machines using reciprocating needles in use; reverse 
plating on half-hose machines was unknown. Other machines, continued Mr. 
Chamberlain, were coming into use as a result of the stabilisation of the manu- 
facture and supply of rayon. In a single decade the outlook had changed; 
development had taken place and improvements had been made. Mr. Chamber- 
lain then proceeded to discuss developments, which were fundamental changes, 
and improvements, which do not involve such changes, in relation to the needle, 
the sinkers, the pressers, jacks, and points. He also outlined the two ways in 
which knitting machines may be developed. Firstly, by general developments 
applicable to several types of machine, and, secondly, by individual machine 
developments. In conclusion, a summary of these two classes of developments 
was given. Mr. H. F. Lilbum kindly supplied refreshments, during which an 
interesting discussion took place. A hearty vote of thanks to the lecturer 
terminated the meeting. 


VISIT TO NOTTINGHAM LACE FACTORY 

Members of the Midland Section of the Textile institute to the number of 
twenty were privileged to pay a visit of inspection to the lace factory of Messrs. 
T. Birkin & Co. Ltd., New Basford, Nottingham, on the nth November. Repre- 
sentatives of the firm conducted members over the various departments and 
explained both machinery and processes. Methods of warping, manufacture, 
and finishing were all considered and, after the factory inspection, the visitors 
were permitted to examine a complete range of exhibits of the firm's productions, 
including a large variety of made-up goods composed wholly or partly of lace, 
'fhe exhibits included several replicas of articles supplied to Royalty or produced 
in connection with events of national importance. On conclusion d the in- 
spection, Mr. Thos. Morley (Chairman of Midlands Section Committee) moved 
a hearty vote of thanks to the firm, and said that members were really grateful 
for the privilege so kindly conceded. His own interests applied to the toitting 
industry, but he regarded interchange of visits between allied interests as ex* 
ceedmgly interesting and desirable. Mr. J. H. Lester (Manchester) seconded 
the vote, which was heartily accorded, and Mr. Birkin suitably acknowledge 
the vote. 
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NOTES AND NOTICES 

The Institute’s Annual Competitions 

The prospectus of Institute Competitions for 1932 is in course of preparation 
and will be issued to textile departments of colleges and schools early in January. 
The Competitions Committee have again given most careful consideration to 
suggestions received for revision of the requirements in regard to 'the various 
competitions, and the prospectus will be found to contain considerable modi- 
hcation of terms and conditions. In the case of the main competition — ^that 
which demands a collection of specimens of woven fabrics from each competitor — 
tlie number of fabrics required will be 16 instead of 20. An important provision 
fully retained, however, is that which refers to the variety of fabrics to be sub- 
mitted. There will be no diminution of demand in respect of versatility. The 
“C" Competition, for Novel Woven Fabric, will be ;;reatly amended with a view 
to providing increased scope. It is to be described as a competition in respect 
of Special Woven Fabric, and competitors will be required to produce a fabric 
for a definite purpose and present an accompanying statement of claim as to the 
merits of the fabric for the purpose specified, ft is recognised that the range 
of fabric production has considerably expanded in recent years and, imder the 
new conditions, competitors will be able to consider fabrics for industrial uses 
as well as for wearing apparel and domestic needs. The matter of framing 
a competition in relation to the design and structure of knitted fabrics has under- 
gone careful consideration by the Committee of the Midlands Section of the 
Institute, and the inclusion of a competition for this branch of the industry in 
the prospectus for the coming year is contemplated. 

Journal Development 

The coming year, at least so far as the Journal of the Institute is concerned, 
promises to be well-defined. To date, three distinct periods can be seen in Journal 
growth. From 1910-1917 issue was spasmodic and, apart from a very com- 
prehensive bibliography, largely compiled by the late Professor Myers, the 
volumes were mainly a record of Institute meetings. In Apnl 1918 the Journal 
was placed upon a basis of regular monthly issue and its contents were divided 
into Proceedings, in which reports of meetings were recorded; Communications, 
which were records of original research; and Abstracts, in which current textile 
literature was summarised. The page size was changed from octavo to quarto 
and revenue from advertisements rapidly increased. During this period the 
Textile Industrial Research Associations came into being. Fuller co-operation 
on the part of Research Associations led to the inauguration of the third period 
of Journal development. In 1922 the octavo page size was resumed, on the 
advice of the Department of Scientific and Industrial Research, and the present- 
day sections of the Journal were established — ^viz. Proceedings, which embrace 
not only reports of meetings of the Institute but also Notes and Notices and 
Reviews of Books; Transactions^ and Abstracts, these being almost entirely* con- 
tributed by the Research Associations. The Journal was also constituted the 
official organ for the publication (as Transactions) of publicly-released Memoirs 
of the Textile Research Associations, and later was constituted its official organ 
by the Indian Central Cotton Committee. During this period marked develop- 
ment has taken place in all directions, circulation has quadrupled, the number 
of pages of matter published trebled, and the revenue from Advertisements and 
Sales more than trebled. In 1932 certain developments in the Proceedings are 
contemplated and it is expected that articles of a more ''generaT* character will be 
published. Members should remember that when all is said and done the 
expansion of the Institute and its use to the textile industries rests with them 
and them alone. Any suggestions and/or offers of contributions will be welcomed 
and carefully considered. 
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The Inetitttte Library 

Members of the Institute, whose interest in this Note may be aroused, are 
requested to ask themselves whether they were aware of the existence of the 
Institute's Library, whether they could use it or whether they could supplement 
it ? During the past 12 months the library facilities have been utilised much 
more freely, and the Library Committee hopes this development will continue and 
increase. 

The library is not by any means a large one, but its growth during the past 
three years holds out promise that it will ultimately achieve a magnitude of the 
order felt to be desirable by those in charge of it. It was commenced by gifts 
and exchanges of periodicals when the Institute began, and some of the first 
periodicals received are still coming to hand regularly. Unfortunately the fore- 
sight exhibited, in many directions, by the founders of the Institute does not 
seem to have been directed towards a library, and instead of possessing 21 con- 
secutive years' issues of these periodicals it has to be recorded that they were 
destroyed. By gifts and purchases many valuable sets of periodicals have 
subsequently been built up, but in the main, publications of this type are not 
available prior to 1923. 

The books section of the library is founded upon the collection of volumes 
made by the late Professor Fox which, at his death, was purchased and presented 
to the Institute. This collection was certainly not big but it was well-chosen 
and many items in it have, for long, been out of print. This collection was 
supplemented by additions from the library of the late Professor Myers, which 
enabled many gaps to be closed by books hitherto unprocurable. Though the 
Institute subscribes to certain periodicals, it rarely purchases a book. Gifts of 
small numbers of volumes and of single publications are constantly being made, 
and in this direction the library Committee anticipates a regular series of addi- 
tions. It is felt that many members do not yet reahse that books, pamphlets, 
and periodicals which they may almost have come to regard as worthless, would 
be sure of careful consideration if offered to the Institute Library. 

The main source of additions of books to the library is the "review copy." 
All publishers of note who issue books on textile or allied subjects now regularly 
submit copies of these works to the Institute for review. These books form a 
valuable source of annual growth. The periodicals and pamphlets library is 
regularly augmented by the regular exchange of such publications with the 
Journal of the Institute, and the list of these now contains over 200 names. 

A further Section of the library is now being started — a library of Trade 
Catalogues — since librarians and others are realising how much valuable informa- 
tion for the technologist is, nowadays, often included in these publications. 
This Section is quite small at present, and gifts would be very welcome. A set 
of catalogues issued by any of our leading textile machinists, for example, over 
the past 50 years, would be invaluable. 

It must finally be pointed out that a Library Catalogue is available — ^price 
fid. post free — and that this has been supplemented once and will be again early 
in the New Year. 

"On C!omlng-of-Age** 

At the meeting of the Council of the Institute, in Deceml>er, consideration was 
given to arrangements for the next Annual Meeting in 1932. This, naturally, 
brought to mind many recollections of the Annual Meeting in the current year 
and of those meetings and other events which were, collectively, the Celebrations 
of the Institute's Coming-of-Age. Portraits of celebrities "at the age of 3,'* 
"at the age of 15," and "at 21 years of age" were at one time popular with little 
or no apparent reason. It would appear to be a well-founded assumption that the 
history of a living, growing, and increasingly-valuable organisation, such as the 
Textile Institute, with portraits of those whose untiring energy and continued 
interest made the origin and growth of that organisation possible, would have 
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foond ready sale among the members. It can hardly be said. yet. that this is so. 
The Council of the Institute hopes that the notice, issued with the Journal this 
month, will serve as an adequate reminder to members who have not already 
done so, that this record — "A Twenty-one Years* Chronology of Textiles'* — 
is available and should be in the hands of every member. It may serve as some 
slight stimulus to know that one member contemplates presenting copies to his 
friends at Christmas. 


Textile Institute Diplomas 

Elections to Fellowship and Associateship have been completed since the 
appearance of the previous list (November issue of this Journal), 

FELLOWSHIPS 

LORD, Richard (Manchester). 

SPEAKMAN, John Bamber (Leeds), 

ASSOGIATBSHIPS 

CLARK, Irene (Nelson). 

EDWARDS, Cyril Houghton (Nottingham). 

NEWSOME, Henry Smith (London). 

HEY, Charles Matthews (Preston). 

Membership 

At the December meeting of Council, the following were elected to Membership 
of the Institute — E. Clegg, 53 Lister Street, Accrington (Clerk to Chief Technical 
Superintendent); B. Crosland, 'Thellow Nook," Shaftesbury Avenue, Bradford, 
Yorks. (Student); T. Fraser, 57 Victoria Street, Dunfermline, Scotland (Damask 
Designer); Wm. Graham, i Long Row, Mellor, near Blackburn (Student); F. 
Ibbetson, 5 Knowles Street, Dudley Hdl, Bradford, Yorks. (Textile Designer); 
F. C. Johnson, 59 Spenser Road, Herne Hill, London S.E.24 (Wholesale "Linings 
Department"); H. Laithwaite, 313 T^ees Road, Oldham (Assistant Spinning 
Overlooker); C. J. Lancashire, "Lynton," Cropston, near I.eicester (Manager, 
Hosiery Trade); E. B. Millard, Massachusetts Institute of Technology, Cambridge, 
Mass., U.S.A. (Professor of Physical Chemistry); T. H. Morris, 77 Fountain 
Street, Manchester (Secretary, Cotton Spinning and Manufacturing Firm); J. II. 
Ratcliffe, 32 Nutter Road, Accrington (Loonj Overlooker); W. T. Rigby, 
19 Mansion House Road, Paisley, N.B. (Foreman Dyer); J. H. Riley, 2 First 
Avenue, Tottington, near Bury (Sales Manager's Assistant); Geo. Whitaker, 
278 Swan Arcade, Bradford, Yorks. (Wool Merchant). 

REVIEWS 

Ekmentary Textile Desigii end Fabric Structure. By John Read, F.T.I. Pub- 
lished by Edward Arnold & Cjo., London. {5s. net.) 

In his introduction to this elementary text book of some 100 printed pages, the 
author, who is the head of the Textile Department, Royal Technical College, 
Salford, and a Fellow of the Institute, very modestly states that the book has b^n 
prepared for the use of students in the elementary grades of fabric structure and 
textile design. The author is to be congratulated for breaking away from 
existing notions on the size of text books by producing a book on fabric structure 
which is of the same size as the well-known design point paper pads so widely 
used in technical colleges. 

By the simple device of inter-binding nearly 30 full pages of design paper into 
the b^k, on which are provided more than 330 point paper designs, draits, and 
lifting-plans of all the fundamental fabric structures, the author also provides 
innumerable examples which are purposely left incomplete, to afford students an 
opportunity to practice squared-paper designing in a most convenient form. By 
leaving the back of these pages blank, space is provided which will prove useful 
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for both practical and more advanced notes on points brought out by experisnca: 
In this manner this book becomes not only a text book and exercise book for 
students, but a useful desk log for those actually engaged in the industry. 
Seventy-two photographs of typical cotton cloth structures, in addition to the 
quality partoulars of the dif erent classes of fabrics, with their uses, are contained 
in the t^. A separate chapter is devoted to each fundamental fabric structure 
and tile variations possible in each structure are pointed out. The author adopts 
the term ‘‘weave plan" in place of "design," which seems to be more generally 
favoured in the industry. The book is very obviously the outcome of a long 
practical experience m the teaching of a difficult subject. The method of showing 
the peg plan might be open to criticism. This new text book should make a 
genuine appeal, not only to teachers and students of the subject, but to crafl^en 
engaged in weaving and to an ever-expanding circle o£ members of the Institute, 
ea^ of whom is a specialist in some other branch of textile technology, but also 
desires knowledge in this important subject of fabric structure. Although the 
textural matter has been kept down to a minimum it contains all the "meat," and 
both the designs and the cross-sections through those fabrics which are induded 
have been very well produced. . W.H.S. 

Der Fledbs* Zweite AbteUimg Flaclissiiiiiiierei. Technologie der Textilfasem 

Series, V.i. By W. Sprenger. Published by Julius Springer, Berlin, 1931. 

(254 pp. and Index, R.M. 38.) 

This is one of the series published under the title "Technology of Textile Fibres," 
edited by Dr. R. O. Herzog. It is bound in the usual green cloth cover with gUt 
lettering, contains 256 pages with 175 illustrations, partly line drawings and partly 
photographs of machines, all of which are excellently reproduced. Throughout 
the volume much interesting data is given in tabular form, and at the end are four 
tables showing respectively — (i) Flax price variations since 1801. (2) Weight 

of bundles of different counts; equivalent counts in different systems; length and 
weight relations. (3) Older methods of bundling. (4) Power, floor space, and 
weight of the chief flax-spinning machines. The l^k is well indexed and the list 
of contents is set out veiy clearly in great detail. After a historical introduction 
the subject is treated in sections, which follow the usual departments in a flsuc- 
^inning mill under the headings — ^raw flax; flax dressing for spinning; flax 
spinning; reeling, drying, and packing; attendance, administration, and main- 
tenance of machines and adjustment; the layout of a flax-spinning mill; linen yam; 
the mill organisation; flax-spinning calculations; flax yarn doubling. In the 
section on raw flax, the properties of the flbre are discussed, the methods of 
estimating quality by handling, and of marketing are described, and some remarks 
are made on the effect of humidity on the weight. The next three sections are 
purely descriptive of the machines used, including descriptions of hand hackling 
and hand spinning, and the purp^ of the operation. All the machines for line 
and tow spinning are described in turn, the important motions of each being 
clearly illustrated by line drawings. Every opportunity is taken to achieve con- 
ciseness by the tabulation of data of dimensions of the machine parts, and by 
giving the calculations relating to the working of the machines in algebraical form. 
In ti^ way the continuity in the description of the successive operations is 
maintained and not masked by pages of calculations as is so frequently the case 
in textile books. The descriptions of the machines include all the latest improve- 
ments such as automatic spreaders, recuperators on cards, electrical driving of 
spindles, various types of spindles, and automatic doffing. The section on carding 
is very complete, including tow refining and shaking machines, the finisher card, 
card waste shaker, short tow card, and cord-teasing machine. The section on 
s^ning includes descriptions of the machines used for gill, dry, and wet spinning. 
The latter receives the most attention and discusses the methods of beating the 
water, the choice of temperature, the fluting of the rollers, and the length of the 
reach to be employed for different kinds of fl^. Various methods of yam drying 
are mentioned an$ brief descriptions given of several types of modem tunnel 
dryers. The section on attendance and administration describes the work in 
ea^ department, and gives details as to the usual number and duration of stop- 
pages for cleaning, the number of spindles per spinner, oiling, and so on. This 
section should be very useful to students and the information given is made more 
accessible by being grouped together in this way. The second part of this section 
deals with maintenance and setting of the machines, and remrence is made to 
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auxiliary myhines used such as roller fluting machines, pinning machine for card 
clothing, drilling m^hines. A section is devoted to buildings, motive power, 
ventilation, mechanical transport systems, weighing, fire protection, and accident 
prevention. The properties of linen yams are discussed and methods of testing 
are described in ten pages. The subsection on testmg machines might well have 
been amplified by including illustrations of the testing apparatus described, which 
would have been of assistance to elementary students. Actually only the Dietz 
yam-tes^g machine is so illustrated. The author has introduced a further 
novelty in the make-up of this type of book, in a section entitled "The Spinning 
Organisation," which discusses in some detail how to estimate the numbers of 
each kind of machine required, having regard to the relation of the amount of 
tow to line machinery, the spe^s of the machines, the draftings and doublings, 
and so on. Costing is dealt with briefly in four pages, and the last section 
describes some types of machines used in thread twisting, polishmg, and soften- 
ing. The author has been very successful in giving a very detailed account of all 
^e processes of flax spinning, and the treatment adopted is to be commended for 
its dearness and conciseness. The book can be recommended as a valuable 
contribution to the subject and one which should be of considerable value to the 
technical student. At the same time it might be pointed out that the price of 
38 marks (or at the present time over 45s.) appears to be unduly high for a volume 
of this size. J.A.M. 

The Chemistry of Laundry Materials. By 1>. N. Jackman. Published by Long- 
man’s, Green & Co., 1931. (234 pp., price 6s.) 

This little book has been written for laundry workers "in order to meet the 
demand which has arisen ... for information about the materials en- 
countered — particularly information of a chemical character." The chapters 
deal with water, alkalis, soaps, bleaches and stain removing, fibres and fabrics, 
starches, acids and blues, fuel, miscellaneous matter such as marking inks, 
fireproofing, mothproofing and simple analytical methods, the pH system, and 
lastly two chapters on general chemistry. The term "58® alkali" (introduced on 
page II, but not explained till page 40) will, it is to be hoped, be dropped in favour 
of the simpler name "soda ash," which explains its nature more scientifically. 
An underst^ding of the pH system and its importance is well-nigh indispensable 
in modem applied science, and its explanation in simple language in this book is 
particularly good. Progress is made possible by accurate measurement, and the 
dissemination of scientific knowledge amongst the actual workers is a laudable 
object. The whole book is well written and does give the minimum scientific 
information which every laundry worker should aim at possessing. An excellent 
feature of the work is a considerable bibliography of books and papers for further 
study, including the references to the B.L.K.A. Reports at the end of each chap- 
ter. Laundry executives would do well to give a copy of the work to each 
operative — ^with his yearly bonus — and keep a copy for themselves. F.C.W. 

The Cotton Trade and Industrial Lancasliirei 1000*1780. By A. P. Wadsworth 
and Julia de Lacy Mann. Published by the Manchester University Press. 
(Pp- 539i price 25s. net.) 

Everyone who knew the late Professor George Unwin will appreciate the gracious 
tribute by the authors of this work to "his immense range of knowledge and 
synthetic grasp. ' ' He had also the gift of inspiring others to share his enthusiasm 
for research, and Miss Mann and Mr. Wadsworth are unduly modest when they 
describe their book as "a poor contribution" to the wider scheme of industrial and 
social research which Unwin planned. Mr. Wadsworth began his studies with 
a view to presenting an account of the organisation and soci^ background of the 
Lancashire textile industries in the period prior to the industrial revolution. 
Miss Mann, under the guidance of the late Professor Lilian Knowles, set out to 
trace the interaction between English and Continental developments. This 
initial independence has inevitably led to a measure of overlapping, and explains 
the "loose framework" within which the joint studies have been placed. But the 
thoroughness with which both authors have explored new and valuable sources 
of information in the Public Record Office, in the French Archives NoHonales, in 
the private papers of such firms as J. & N. Philips, in legal and political records, 
ifl adequate compensation for the enforced lack of continuity in the story they 
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tirfl, A work of this type is most valuable because it helps to correct the impree* 
aion so firmly stamped on many minds that all the essen^l features of modm 
industrial structure and working date from the industrial revolution. In 
seventeenth century ''credit was almost as indispensable to the textile industries 
as it is to-day/* and an elaborate mechanism of trading wp built up long ^forc 
the banks as we know them were established to specialise on the function of 
finance. In fact it was not until after 1770 that either Manchester or Liverpool 
had a formal bank. 

We are reminded also that in the seventeenth century "a^arian politics came 
home as closely to the Lancashire cloth producer as the affairs of industry/* ^d 
it is interesting to trace the process by which problems of tenure, rights of gazing, 
and the use of the waste were transformed into questions of rates of pay and 
conditions of work as mechanisation of production displaced the “yeoman** t)rpe. 
Those who think of workers* organisations solely in terms of the nineteenth 
century history of trade unionism will appreciate the account here given of lo^ 
associations in the eighteenth century preoccupied with the problem of the price 
of foodstuffs, and driven from secret to open action in years of acute distress and 
general social disturbance. Nor is the capitalist employer the peculiar product 
of the nineteenth century, for in the eighteenth century “considerable sections 
of the workers in Lancashire were dependent on a few men.** It was not, how- 
ever, until the nineteenth century that l^ncashire established her supremacy in 
the world *s cotton trade. It is pa^cularly instructive to read of the “commission 
system" in its various phases, because this practice has come right into our 
modem factory system in full measure, though few, probably, will realise the 
length of its history. 

Other instances might be quoted of features of modem textile practice dating 
back to the sixteenth and seventeenth centuries, but some reference must be made 
to other items in this fascinating book. Take, for example, the story of the 
workers* opposition to the Dutch loom (a “devilish invention*'); the concern of 
English manufacturers when the old Kendal green and the rough friezes became 
drugs in the market because people's tastes ran to “foreign fashions and inven- 
tions"; the increase of the scale of manufacture as the market for textiles extended; 
the controversy about the ‘‘middleman** (so modem in its arguments); and the 
jealous defence of craft and trading rights in the contest between “town** and 
“country** producers. Need further quotations be given to show that although 
the main problems of industry and trade have changed in scale m the course of 
the last four hundred years, we still struggle with fashion, foreign competition, 
“middleman* ' dealing, industrial regulation, and the dislike of “rationalisation." 

The textile technologist will turn to this book with pleasure, for he may read 
of fustians, bays, kersays, minikins, and ihe rest, and reflect upon the place 
occupied by the manufacture of velvet in the development of Lancashire's staple 
industry. The discovery of some early seventeenth century cotton cloth and cops 
at Hackling Hall is recorded, and the story of the displacement of wool working 
in Lancashire may be linked with the suggestion that water supplies were really 
more important than climate in determining the localisation of the cotton in- 
dustry. Lancashire people who know the villages of the county will find much 
delight in reconstructing the activitv and prestige of many centres since reduced 
by the modern industrial town to insignificance. Those with a taste for the study 
of “industrial relations" will find that an eighteenth century dispute between 
employers and operatives lacked nothing in invective, and in days when we hear 
so much about standards of living it seems quaint to read that the increase of 
tea-drinking between 1720 and 1750 was a sign of an “advance in real wages." 

Such an admirable piece of historical research is bound to inspire others to 
take a hand in unfolding the whole story of textile developments. For the 
technician it is also sure to 3deld a new pride in his craft. A.N.S. 

ICtteilinifMi der T«xtiKomlMiQg»«Atiflz^ KreMd. 

Those engaged* in research on rayon and interested in methods of testing 
will Icnow t^t some of the most noteworthy contributions to these subjecli 
emanate from the laboratories of Dr. W. Weltzien at the Textile Research In- 
stitute, Krefeld, These reports appear in the monthly journal, Seide, which is 
now in its 36th year, but they are also collected together in separate annual 
volumes of "Mitteilungen.** The Institute acknowledges with satisfaction the 
donation of Volumes II*-VI . ’ W. 
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Suf Ui fixatioB dtfi Mitiiimt grAttat pm* fifarat By 

Jacques Corbin. Published by Soc. Anon, de Tlmpr., A. Key, Lyon, 1931. 

(121 pp.) 

The absorption by textile fibres of oils and fats from emulsions is a problem of no 
little importaJice to the textile industry throughout the whole series of treatmeu'te 
which textiles undergo from the raw to the finished state, and it is a problem 
whicli is still in need of a comprehensive treatment. This book ddicribes the 
results of some work carried out on the absorption of olive oil by wool and of 
linseed oil by viscose from emulsions of these oils. The first part of the book is 
devoted to a general discussion of emulsions and their application to the textile 
industry. The second part deals with the application of emulsions of olive oil 
to wool, particularly for ceding and spinning purposes, and the influence of 
various factors such as particle size, soap content of the emulsion, and pH of the 
wool on the absorption of the oil is discussed with reference to the experimental 
results obtained. The remaining hall of the lxx)k — some 50 pages or so— is 
devoted to a consideration of the drying of linseed oil in general, and the effects 
of various factors such as the degree of cmdation of the oil, concentration, and soap 
content of the emulsion on the amount of oil absorbed by viscose, are discussed 
from the point of view of the use of linsecnboil emulsions in the sizing of viscose. 
Consideration is also given to the effect of the ageing of linseed oil on the yarn. 
Some 100 fairly general references arc included in the text. From the title it 
would be gathered that the absorption of oils from emulsions is dealt with in 
relation to textile fibres generally, but actually the treatment given is rather too 
confined to make the work of any very general interest. It is to be hoj^Ki, 
however, that it may pave the way to a wider and more comprehensive treatment 
of the whole problem. I).A.I).-S. 

Silk and the Industry. By Joseph Schober, translated by K. Cuthill, M.Sc„ 

Ph.D. Published by Constable & Co. Ltd., London, 1930. (zis. net.) 

This lxx)k by the Director of the Hungarian State Filatures, the German original 
of wliich was first issued a few years ago, presents surveys of the silk industry, 
and of the artificial industry considered in its relation to it, from the commercial 
and statistical as well as from the technical standpoint; the chemical and physical 
properties of silk are not discussed in detail. The text has been rewritten in part 
and extended by the author for this translation, and the translator has added 
sections on the British silk industry. The technical methods, geographical 
distribution, and trade statistics and usages of each section of the industry are 
considered together, those of each section in a separate chapter, which is thus in 
a manner self-contained. Thus Chapter 1 , on the Cocoon, after introductory 
sections on the history of the industry and more particularly of the British in- 
dustry, gives a short account of the principles of silkworm rearing, an informative 
description fully illustrated of the various kinds and grades of cocoons, a short 
description of the properties of silk, and a much more detailed discussion of silk 
cultivation as an industry throughout the world. Japan is the leading sericul- 
tural country; its annual crop of cocoons has risen from about 8 million kg. in 
1870 to about 370 million kg. at the present time; and in the export of silk it has 
far outstripped China where, however, the internal consumption is of an enormous 
but unknown amount. India, in which sericulture is t;n the whole unorganised, 
has lost her former position of importance as a silk-producing country. Italy 
maintains her position as the greatest silk-producing country in Europe a,nd, 
although her output is small compared with that of China and Japan, she retains 
her supremacy in the art of sericulture. France, Greece, Bulgaria, Turkey, and 
other European countries produce much smaller, but (except in France) now 
increasing, amounts of silk. The Russian crop of about 17 million kg. of cocoons 
annually now exceeds the pre-war figure. In the British Empire the development 
of sericulture, which has had a notable success in Cyprus, is fostered by the 
Advisory Committee on Silk Production of the Imperil Institute. The world's 
output of silk, or rather perhaps the amount marketed, is now nearly double what 
it was just before the war. Japanese and Chinese silks, which constitute the 
greater part of the world’s output, are marketed already reeled, or reeled and 
thrown, but there is a cocoon trade at Milan the usages of which are described. 
The next five chapters on Silk Yams, Artificial Silk, Weaving, Ribbons, Knitted 
Goods, give each in the same way the geographical distribution, statistics, and 
trade usages of the section of the industry concerned, a plan which, whilst it 
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involves some repetitions, is successfully executed. In the waU^jUustrated 
technological parts of these chapters the descriptions of the mechanical processes 
of manufacture, particularly weaving, are more complete than those of the 
chemical processes which, however, apart from some minor errors, are quite 
sufficient for the scale of the book. There is a final chapter bn Cloth Analysis. 
This useful book contains also a bibliography, glossaries of technical terms, and 
a list of e^ivalent technical terms in English and other languages. S. 

Artificial Silb. By S. R. Trotman, M.A., F.I.C., and E. R. Trotman, Fh.D., 
M.Sc., A.I.C. Published by Griffin & Co., London (pp. 2744*ix with 79 
illustraticuis. i8s. net). 

The authors, after a short introduction, have devoted about 140 pages to the 
methods of manufacture of various kinds of rayon, 20 pages to andysis and 
testing, and the rest to bleaching, dyeing, and finishing. The introduction is, 
frankly, disappointing; the description of manufacturing methods may be accurate 
but it is not easy reading, and the latter portion of the book is but good in parts. 

It is perhaps unfair to criticise portions of a book away from their context, 
but in order to illustrate the non-critical way in which this book has been compiled, 
it may suffice to examine the authors' views on the subject of the moisture 
relations of cellulose in general, and of artificial silk in particular. On page 9 
they write that cellulose .... exposed to a damp atmosphere .... 

ab8orl>s t8% of water.” On page 190 — ”the moisture content (of artificial 
fibres) is usually between 10% and 12%,” and on page 195 appears the really 
extraordinary statement that ”yam is bought and sold on the understanding 
that the sum of the dry weight and 11% of the dry weight shall be exactly 100.” 
There is little al)out moisture equilibrium, nothing about absorption hysteresis, 
no hint that the magnitude of the moisture regain is connected with the chemical 
reactivity of the cellulose, and no emphatic statement about the different be- 
haviour towards moisture of regenerated cellulose and ester rayons. 

There is need for an authoritative book on rayon, but, unfortunately, as the 
authors of this book afford little evidence of first-hand experience of the material 
they set out to write about, and recent work seems to have been rather over- 
looked, it is hardly possible to commend this book as meeting the need. H.H. 


PUBLICATIONS RECEIVED AND PLACED IN THE 
INSTITUTE LIBRARY 

Kingitoii’s DoDar Equivaknt Tablet. Published by Kingston's Translations 
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Caltoa Prodoctioii and Dittvibntion in tba Golf South Watt. U.S. Department of 
Commerce, Washington, 1931. 
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1— ROLLER DRAFTING IN THE WORSTED INDUSTRY 

By A. C. Goodings, Ph.D. 

(Department of Textile Industries, Leeds University) 

INTRODUCTION 

The great variety to be found in wools from the different breeds of sheep 
extant, necessarily implies selection of wool for manufacture in accordance 
with its ultimate use. Worsted yarns are to-day manufactured from almost 
every type of wool and, as a consequence, a large variety of such yams exist. 
Every yam is particularly adapted for the production of some special 
product; for example, coarse mountain wools are suitable for carpets, and 
fine botany wools for the best quality suitings and dress goods, and the 
interchange of these wools for the purposes mentioned would be impossible. 

The variations from one wool to another include such physical factors 
as length, average cross-sectional area, crimp, elasticity, etc.; even in the 
same type of wool a marked divergence of certain properties is evident. 
Perhaps the most noticeable in this re.spect is that of length, accentuated 
from the original state in llie fleece by breakage. Some attempt to approxi- 
mate to uniformity is made prior to processing, by “sorting,” and in worsted 
yam manufacture the very short fibres ar(‘ removed in the combing operation. 

The most important qualities possessed by a good worsted yam are 
uniformity of diameter or “levclness,” and strength. A yam may be level 
and lack strength or may be strong and not uniform, but unevenness in 
diameter usually results in weakness at the thin places. Thus, in general, 
an irregular yam lacks both of the most valuable attributes of a well-spun 
thread, and a minimisation of these faults is a primary aim throughout 
the whole of the worsted processing operations. 

The system, on which all worsted spinning processes are based, consists 
of the use of two pairs of rollers, one pair of which is made to run at a faster 
surface speed than the other. The wool slubbing in its passage between 
them, is gripped by each pair of rollers in turn, and the faster surface speed 
of the latter pair results in the attenuation of the sliver. Some means of 
control of the fibres between these two pairs of toilers is necessary, and it 
is in this that the English and Continental systems differ. While the Con- . 
tinental method makes u.se of pin control in the form of porcupines, the 
Bradford system depends upon the use of twist inserted during the previous 
operation, together with the aid of carrier rollers. The latter refers of 
course to those operations subsequent to the spindle gill box. The method 
of twist and carrier control is used in both English open and cone drawing, 
the latter only differing from the former in the positively driven bobbin on 
which the material is being wound and affecting for any one operation only 
the twisting and winding on of the material. 

Practical experience has largely determined methods of manipulation of 
wool in order to obtain the best results. Limitations have been laid down 
Muth regard to the amount of draft that can be safely applied at any one 
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drawing operation under the present system of working, variable according to 
the type of wool. The necessity of "doubling" for the sake of levelness was 
early realised. The amount of twist to insert in any particular slabbing, the 
setting of the ratch and carrier rollers, are practical points which require the 
closest attention to detail if a good imiform yam is to result from the final 
spinning operation. Such settings, etc., must be made to suit the require- 
ments of the particular wool being processed, and no hard and fast rules 
can be laid down concerning them. 

While absolute uniformity in a yarn is desirable, it remains only an ideal 
to which the results of practice approximate to a greater or less degree. No 
yam is perfect in respect of levelness, while some are extremely bad: the 
diameter of the thickest portions varying to more than twice the diameter of 
the thinnest portions, h'urther insight into the causes of such irregularities 
and the way in which wool fibres react to the present mechanical system of 
drafting, is a first essential to success in any attempt towards the production 
of a better yam. The following investigation was undertaken with this aim 
in view. Discussions between Prolessor A. F Barker and the writer, on 
fibre movement and roller drafting in general, formed the starting point 
of the work. For the sake of clarity the results obtained are sub-divided 
under two headings — (i) Irregularities in stubbing and yams due to the 
drafting operation; (2) fibre movement in drafting. 

IRREGULARITIES IN SLUBBINGS AND YARNS DUE TO THE 
DRAFTING OPERATION 

Man}’ mechanical defects, such as nicked or bellas^ed rollers, loose bosses, 
etc., are well known as giving ri.se to irregularities in .slubbings and yams. 
Such defects, however, are more or less easily traceable to the machine 
causing them and their appearance carefully watched for by the drawing or 
spinning overlooker. Desjnte freedom from all such mechanical faults, it is 
still impossible to produce a perfectly level stubbing. This fact is clearly 
shown if an attempt is made to 1 educe down a sliver without doubling. The 
necessity for doubling at every operation in worsted processing, except, in 
general, in the final spinning, irrespective of how^ well the wool has pre- 
viously been gilled, in it.self suggests some inherent detect of the roller 
system of Grafting. 

In order to gain some insight into the magnitude and oexurrence of 
irregularities in slubbings and yams during the various drafting operations 
involved in the drawing and spinning of a wool, an examination was made 
of the slubbings, roving, and yam at every box in the manufacture of a 
worsted yam from a 64's Botany wool. After combing, the wool was well 
gilled wdth consequent doubling, to ensure as far as possible an even fibre 
distribution in the sliver prior to drawing. The drawing itself was carried 
out according to ordinary mill practice, the drafts, doublings, and other 
settings being such as to suit the wool used. The operations subsequent to 
the finisher gill box consisted of two can gill boxes, .spindle gill, six drawing 
operations, followed by cap spinning. 

The method of analysis employed in determining the uniformity of the 
various slubbings and yam was a weighing method. The portion to be 
analysed was cut into short equal lengths, and these weighed separately on 
a chemical balance. Results were then represented graphically, weight per 
unit-length-taken being plotted against position on the slabbing. A con- 
venient unit of length in the case of a 64's Botany wool was found to be i in. 




'I wo \ lews ot th<- Dratting Mechanism emplojcd 
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The plotting of the linear measure in English units has an additional value 
in that it is generally used in the expression of length of ratch, amount of 
twist, and other allied measurements in this country. Further, in dealing 
with *‘fibro'' (cut artificial silk), experiments involving the use of which will 
be described later, the material supplied by the manufacturers is cut into 
lengths most easily expressed by using an inch as the unit. These are 6 in. 
and 4 in. for admixture in the wool trade, and ij in. for blending with cotton. 
Owing to the large amount of time and labour involved in the method of 
analysis outlined above it was only foimd possible to obtain data for com- 
paratively short lengths of slubbings and yams, but in cases where it was 
deemed necessary, longer lengths were examined. Portions selected at 
various intervals gave, however, similar results and showed the irregularities 
which it was desired to observe over comparatively short lengths. It was 
deemed advisable, also, to retain the weight method of analysis as giving 
an unequivocal measure of the variation of the bulk of fibres present from 
place to place along the portion analysed. The results obtained at the 
various stages in the proccs.sing of the Botany wool showed the same type 
of irregularity in each case. Graphs I and II show the results obtained for 
the stubbing and roving from the finisher box and rover respectively. 

a! 
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SiaTANCE ALONG SLUBBIMO (19 ZNCHO) 

Graph 1. Botany Stubbing from Finisher Box. 
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Graph II. Botany Roving from Roving Frame. 

The analysis of the yam was done by a different method, the instrument 
used being devised by W. T. Astbury, to whom I am indebted for these 
results. The method consists essentially in the change of resistance in a 
short column of mercury down the centre of which the yarn, imder pressure, 
is made to run. The resistance readings can be converted to cross-sectional 
areas which was done in this case. A comparison of the results obtained by 
the two methods showed that the same type of irregularity existed in the yarn 
as found in the preceding slubbmgs. Perfunctory examination of the results 
at once revealed maxima and minima occurring at fairly close intervals. 
Further examination showed the variations to be in the nature of a wave 
form, fairly constant in wave length. The amplitude, however, varied 
considerably, or, in other words, the magnitude of the thick or of the thin 
places was far from constant. This amplitude variation showed an increase 
at each operation and reached a maximum in the yam. The distance between 
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two consecutive maxima or mimina appeared approximately to be the same 
irrespective of the operation. This latter observation implies that irregu- 
larities set up arc of such a nature that the distance between two consecutive 
thick or thin places is the same for different drafts, at any rale withm the 
limits of those used. Other factors varying from one drawing operation to 
the next are, of course, the amount of twist, the weight per constant-length 
of slabbing, and actual speed of the machine as distinct from the speed ratio 
which determines the draft. The constancy of the wave length of the 
irregularities set up tends to the conclusion that the distance between 
successive maxima or minima is independent of the machine and its adjust- 
ments and is dependent only upon the type of wool itself. This approxi- 
mately equal spacing of the irregularities sliows some order in what might 
otherwise be regarded as a purely haphazard effect. 

In order to investigate further whether the wave-length is uninfluenced 
by the draft and also the effect of the latter on the amplitude of the varia- 
tions, the same Botany stubbing was taken and three widely varying drafts 
were successively applied. These were calculated drafts of 7*8, ii-i, and 16-2. 
Further, in these and the cases which follow, the drafting was done on a 
single end. The analysis of the slubbings produced was carried out as before 
by the cutting and weighing of short lengths. The results showed that the 
amplitude, or extent, of the irregularity increases with increase in the draft 
at the same time becoming more regular in wave form. The distance between 
two consecutive maxima or minima remained the same, however, in aU 
three cases and equal m value to that previously found in the complete 
drawing process. 
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DISTANCE ALONG SLOBBINO (ZN INCHES) 

Graph III. Wensleydale Slubbing (2 Portions). 

Results obtained using different thicknesses of slubbings and conse- 
quently different amounts of twist per unit lengtli, varying from i to lo 
turns per foot, and given drafts up to i6*2, showed that the unit irregularity 
still impressed itself over the same distance. 

Observations made, after varying the length of ratch, also showed this 
factor to have no influence on the length of the periodicity, but as may be 
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expected the variation between thick and thin places became more pro- 
nounced as the ratch was increased. 

Other t5^pes of wool studied in a similar manner each showed a more or 
less regular recurrence of maxima and minima, but the distance at which 
they were interspaced varied from one wool to another. Graph III shows 
the results obtained on a Wensleydale wool with a draft of 25. As was 
noticed in the case of drafted Botany slubbings, the difference between 
thick and thin places becomes more pronounced with the iiigher drafts, 
but the deviation from uniformity more regular in wave character. In 
examining other wools for the length of the wave period, advantage was 
taken of this fact, and high drafts were applied in order to facilitate measure- 
ment. The wave-length for Wensleydale will be seen to be extended over 
a distance of 14 inches, and in order to minimise the labour involved in 
weighing, two inches was used as the unit instead of one as in the case 
of Botany. 

Experiments involving varying drafts and other conditions on slubbings 
of Kerry Hill wool, Romney Marsh, and a 46*8 crossbred, gave similar results 
to tho.se obtained in the case of Botany and Wensleydale. Table A sum- 
marises the various wools and the average distance between two successive 
thick and thin places produced in the drafting operation. The length 
analyses of these wools are given in the Appendix. 

Table A 

Type of Wool Wave length Mean length 

64 's Botany 5 m. 2*4 m. 

Romney Marsh 6 3*2 

Kerry Hill 6f-7 3-8 

46's Crossbred 8 3*6 

Wensleydale 14 6*4 

Observations have previously been made by Balls in connection with cotton 
.spinning (“Studies of Quality in Cotton*'), in which he noticed the occurrence 
of maxima and minima more or less equally spaced and irrespective of the 
operation or the draft applied. He states the existence of “a regtilar recurr- 
ence of thicker or thinner places as if the drafting had made it irregular to 
a slight extent but in an orderly manner .... In all three machines 
tlie length of the newly generated waves would appear to be at least broadly 
similar.** He further points out the existence of a secondary wave due to 
the drawing out of the irregularity set up in the previous operation. A 
measurement taken of the length of this secondary wave enables an evalua- 
tion to be made of the draft applied at the preceding drawing. It should be 
noted, however, that this applies to the drafting of a single end. Any 
doubling would of course interfere by the neutralising effect of one end on 
another. 

In the case of wool drafting, where two or more ends are run together, the 
primary wave in each stubbing is attenuated in proportion to the draft making 
what are referred to later as secondary waves, and fresh primary waves set 
up. The total effect in the stubbing, resulting from this operation, is a 
combination of the additive effect of the secondary waves together with the 
newly created primary or primaries, the latter depending upon whether each 
end acts as an individual in the creation of an irregularity or whether they act 
in unison. Experiment and general practice show that the latter supposition 
is not true. The more ends put up at the back of a drawing-box, the more 
level is the resulting drafted slubbing. Were all ends to act as one in the 
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creation of a primary wave, this would not be the case to such a marked 
extent, for the only levelling factor would be that of the more complete 
elimination by combination of secondary waves. The variation between 
thick and thin places expressed as a percentage of the mean weight value in 
the case of slubbings of a Botany wool gave values of the following order — 

Drafting of a single end 40% and over. 

„ 2 ends up 20-30% 

„ 3 ends up 10-15% 

The amplitude of the wave is decreased with increasing number of ends, 
and consequently it must be concluded that each acts as an individual. 
The irregularities in a slabbing where several ends have been run together 
are the compounded effect of a number of approximately equal primary 
waves, together with the secondary waves of each constituent slabbing. 
The amplitude of the combination of the various secondary waves depends 
upon the relationship in which the existing primary waves of the individual 
slubbings come together. Moreover, as these primary waves are not exactly 
equal in wave length, and the tension on each slabbing is not always the 
same, the positional relationship must constantly alter. The total effect, 
therefore, of the component due to the drawing out of the existing primaries 
will be something varying in amplitude and having an ill-defined or no-wave 
character. The primary waves which are set up will for the same reason 
give variation in amplitude, but will be more gradual in their change owing 
to their approximately equal wave length, and the change of phase, slow 
enough not to interfere with the equal interspacing of the maxima and 
minima. The variations measured in the slabbing are therefore the super- 
imposition of approximately equally spaced maxima and minima, but with 
variable amplitude on a smaller variation of ill-defined or indefinite character. 
The resultant of these two is such that the wave length is more or less pre- 
served but the amplitude variable. In the case of high drafts, the secondary 
effect is practically negligible. The drafting of a single end with a high draft 
should therefore give a wave more regular in character. This fact has 
previously been mentioned as having been foimd to be the case in experi- 
mental work. Measurements taken on ,long lengths of slubbings where 
doubling had been resorted to, did not show any secondary wave, at any 
rate where more than two ends had been run together, and in this latter case 
its existence was doubtful. In the case of yam, however, spun from a single 
end, such secondary wave could be discerned. 

The effect of drafting twice in the same direction, as compared with the 
normal procedure of drafting from the opposite end, showed an increased 
irregularity in the former. This points to the fact that the drafting operation 
upsets the equal distribution of the fibres. The value of drafting from the 
opposite end at each operation lies in the unequal fibre lengths present in 
the wool. 

That the cause of such irregularities may be due to the great variation 
in the lengths of the constituent fibres of the wool with consequent decrease 
in control of the shorter fibres, is conceivable. For the elucidation of this 
point use was made of "fibro." This cut artificial silk is composed of fibres 
all of the same length. In drafting it was found necessary to ratch at least 
one inch over the fibre length, otherwise binding took place and the slabbing 
would not draft out. Experiments carried out with 4 in. and 6 in. fibres 
gave results similar to those of wool but with a considerably increased wave 



I — RoUer Drafting in the Worsted Industry — Goodings t7 


length. The amplitude variations were of the same order as in the case of 
wool, but the variations were more regular in form. The wave length, 
however, as in the case of wool, did not appear to vary with the draft. 
Graph IV shows an extremely regular periodicity obtained on^a slubbing 
composed of 6 in. fibres given a draft of 4 on a single end. The irregularities 
in the slubbings composed of 6 in. fibres were more pronounced and more 
uniform in character than in the case of 4 in. fibres. A slubbing composed 
of 3 in. fibres was prepared, and another of 2 in. fibres. Table B gives the 
average wave length of the irregularities produced and the length of the 
fibres composing the slubbing. 


Fibre length 
6 in. 

4 

3 

2 


Table B 


Wave length 
20-24 
15-16 
10-12 
7- 8i 


It will be noticed that the average wave length for this "fibro” is approxi- 
mately four times the fibre length. 


^ 0.20 



DISTANCE ALONG SLUfiBlNO (IN INCHES) 

Graph IV, 4'" Fibro Slubbing. 

The effect of low drafts was studied both on wool and "fibro." The 
average wave-length of the irregularity produced did not deviate much from 
what had been found with higher drafts. The results showed a slightly 
higher value in the case of wool and a somewhat lower value in the case of 
artificial silk. Drafts of ij, 2, 2J, and 3 were applied in the case of wool, 
and in the case of a draft of two a very pronounced fall was experienced 
after every second primary wave. This was due to the secondary and 
primary waves reinforcing one another in the minimum position. As a whole 
the irregularities in the case of short drafts do not take such a definite form 
and the amplitude variations are of much less orderly character, a result to 
be expected from the increased importance of the secondary waves. 

FIBRE MOVEMENT IN DRAFTING 
In order to avoid breakage of fibres during the drafting operation, it is 
necessary that the distance between the back and front rollers should be 
equal to, or slightly greater than the length of the longest fibres being mani- 
pulated. The result of this is that for a certain distance between the two 
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pairs of drafting rollers, all fibres except the very longest are uncontrolled 
by either pair of rollers and carried forward by virtue only of surface frictional 
contact with other fibres. The greater the variation in the uniformity of length 
of the various fibres, the greater the distance which the shorter fibres have 
to travel in the ratch controlled only by this latter means. A consideration 
of the manner in which such "free" fibres may move presents two possibilities. 
They may either move only at one of two speeds, the surface speed of the back 
or front rollers; or they may assume some intermerliate and variable speed. 
Allowing of only two speeds they may be carried forward at higher speed 
as soon as leaving the nip of the back rollers, or not until entering the nip 
of the front rollers, or at some intermediate position dependent upon the 
length of the fibre. To elucidate which of these possibilities actually takes 
place in practice, the variation in weight of that portion of stubbing between 
the back and front rollers offered itself for investigation. It was necessary 
first of all, however, to determine the effect of actual speed on fibre movement 
in drafting. For this purpose an experimental machine was designed which 
could be brought to rest suddenly from normal running speed. Results 
obtained at different speeds did not show differences and agreed with those 
obtained making use of an ordinary drawing box. In this latter machine, 
after the driving belt has been put over on to the loose pulley, the machine 
gradually slows down and finally comes to rest. The above result is not 
surprising, for no extraordinary variations in the thickness of slubbings 
are to be found when a machine is started up or stopped. Frequent and 
more rapid starting and stopping on the small experimental machine con- 
firmed this. 

The decrease in weight of a slubbing from the back to the front rollers 
due to drafting was investigated by cutting this portion into short lengths 
and weighing these on a chemical balance. 

In the earliest experiments several portions were so cut and corresponding 
portions weighed together and an average result for the weight diminution 
thus obtained. While such results are an average and mask any fluctuation 
which may have taken place from one to another, they do show the manner 
in which uncontrolled fibres move during drafting. Experiments carried 
out with cut artificial silk consisting of 6 in. fibres gave the weight diminution 
curve shown in Graph V. There is little diminution in weight of the slubbing 
until that distance behind the front roller nip equal to the fibre length. From 
this point the decrease in weight is unifrom down to the nip of the front 
rollers where the slubbing emerges without further alteration at an average 
thickness governed by the draft. Results obtained by varying the length of 
ratch, carrier positions, and draft, are all of the same type. Consideration 
of this weight variation shows that fibres move only at the surface speed 
of the back rollers until actually gripped in the nip of the front. Similar 
experiments carried out on wool showed identical results as regards the 
movement of fibres. In the case of wool, however, the analysis of the weight 
reduction graphs was complicated by the variation in the lengths of the wool 
fibres present. It Avas necessary to make a complete analysis of every wool 
used and construct weight-reduction curves assuming the results obtained 
with *‘fibro,'* i.e. movement at a slower speed of all fibres until actually 
entering the front nip. Curves so constructed for the drafts used agreed 
with the practical results obtained. Graph VI shows the results for a Botany 
wool and a thewetical curve based on the principle stated. 
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The third curve in Graph VI, giving a rapid diminution in weight near 
the back rollers, shows for comparison the theoretical curve representing 
weight reduction in the ratch during drafting for a slubbing of the Botany 



PERCEKTAGE W.OF SLC7BBIN0 BEFORE I3RAFTING 
Graph V. b'' Fibro Slubbing. 


wool assuming all fibres moved at the surface speed of the front rollers as 
soon as released from the grip of the back rollers. This curve is constructed 
for a draft of 7 and ratch of 7 in.; the longer the ratch the further removed 
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this curve would be from the theoretical curve based on the slow movement 
of fibres up to the front roller nip. 

To determine more definitely variations in fibre movement, the reduction 
in weight in the ratch was obtained for single ends. While all results so 
obtained approximated to the average values previously found, variations 
from this were shown to occur. These variations are of interest in connection 
with the production of inequalities in the uniformity of slubbings and yams. 



PERCEHTAaS Wt, OP SUOfiBIMO BEFORE DRAFTING 

Graph VI. Botany Wool (Draft 7). 


Results obtained with *'fibro,** Botany, and Wenslcydale wools were all of 
the same character. The point at which no further reduction in weight 
takes place varies from a position at the front roller nip to somewhere a short 
distance behind it. The results of numerous observations showed this 
distance to be greater in the case of a long wool than in that of a short wool, 
and very pronounced in the case of *'fibro." While such individual observa- 
tions render difficult an exact determination of the manner of such fluctua- 
tions, they do show their existence. Graph VII shows the case of a long 
wool where drafting is completed before reachhig the front nip. In such 
cases fibres must have moved forward at the front roller speed before actually 
reaching these rollers, by virtue of contact with other fast moving fibres. 
In an attempt to correlate the production of a thick or thin place in a slubbing 
with these fluctuations, drafting was carried out under such conditions as 
rendered thickness variations visible to the eye. The change in weight was 
then measured on that portion in the ratch from back to front rollers for 
cases where thick and also thin places in the drafted slubbing were just 
emerging from the roller nip. The curves differed for these two cases, in the 
one there being no weight reduction in the slubbing for a short distance 
behind the front rollers, and in the other case reduction in weight proceeding 
right up to the nip. 




Kibro Slivers 


length (last draft 0) 

6 ; „ ( .. 4 ). 

4 #* ( . 4) 



I — Roller Drafting in the Worsted Industry — Goodings ni 

Before attempting to discuss these results, some further observations on 
drafting may be worth mention. Under any ordinary conditions of setting, 
there is a limit to the amount of draft that can be applied in any one operation 
and still produce a continuous sliver. Beyond this maximum draft the wool 
is plucked away in tufts by the front roller, resulting in discontinuity. In 
such a case fibres which have not yet reached the nip of the front rollers 
are plucked forward and these are removed before those following behind 
at a slow speed enter the front roller nip, and discontinuity results. This 
maximum draft decreases with increasing length of ratch. 

Attempts on a similar line were made with cut artificial silk, but at the 
highest draft which it was possible to apply, namely, 26 (linuted by the 
mechanical construction of the machine), a continuous sliver still emerged 
from the front rollers. 



The results on the movement of fibres in tlie ratch show that while all 
fibres approximate to slow speed movement until entering the nip of the 
front rollers, deviations from this do occur. Provided all fibres moved in 
the same manner it would be immaterial what this movement was. Con- 
sistency in movement would result in uniformity, but such fluctuations as 
have been shown to take place must affect the levelness of the material 
after drafting. 


DISCUSSION OF RESULTS 

It has been shown that in normal regular drafting, all fibres move at the 
surface speed of the back rollers until their foremost ends are taken into the 
front roller nip. They are then carried forward at the higher surface speed 
of the front rollers. Taking this as a basis for consideration, the relative 
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numbers of fast and slow moving fibres between the back and front rollers 
is instructive. In the case of a slubbing composed of uniform fibres, there is 
no reduction in weight until a distance behind the front roller nip equal to 
the fibre length. Reduction in weight of the slow-moving fibres takes place 
uniformly from this point down to zero weight at the front rollers. This is 
true irrespective of the draft applied. The weight component due to the 
fast-moving fibres gives a uniform increase from a point equal to the fibre 
length behind the front rollers to a weight equal to that of the initial slubbing 
divided by the draft at the front roller nip. In different drafts, therefore, 
the number of fast-moving fibres varies but the slow-moving fibres remain 
unaltered. The point behind the front rollers at which there are an equal 
number of fast and slow-moving fibres is equal io Vd + i, where / equals 
fibre length and d equals draft. 
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Graph VIII. Wensleydale Wool (Draft 5)- 


In the case of a slubbing composed of fibres varying in length as in normal 
wool, the slow-moving fibre component is invariable while the fast-moving 
fibre component varies with the draft as before. The reduction and increase 
in weight respectively, however, is not uniform, and the point at which there 
are equal numbers of slow and fast fibres is equal to I'jd -f i, where V is 
approximately the average length. Graph VIII shows for a Wensleydale 
wool the weight-reduction curves for fast- and slow-moving fibres under 
a draft of 5 The typo of irregularity found in the case of slubbings of both 
wool and **fibro*' is regular and in the nature of a progressive increase in 
weight up to a maximum followed by a gradual falling off to a minimum and 
a rise up to what is the average weight. A sudden plucking forward of any 
group of slow-moving fibres would not give this type of irregularity but 
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would give a rapid increase in weight over that distance wherem the front 
ends of the plucked fibres lay. The length over which an irregularity so 
caused would extend would be equal to / + d,x, where I equals fibre length, 
d equals draft, and x equals the distance over which plucking took place 
behind the front rollers. The weight-reduction curves obtained, on that 
portion of the slubbing in the ratch, as well as the type of irregularity pro- 
duced, do not allow of this as an explanation. Moreover, as the wave length 
is approximately constant for all drafts the value I + dx would have to equal 
a constant, or x must vary inversely as d. As the point at which equal 
numbers of fast- and slow-moving fibres is equal to Ijd -f- 1 behind the front 
rollers, such variation would seem to be highly improbable. The results 
indicate rather a gradual building up process, followed by a falling off in the 
tendency of fibres to be plucked forward before reaching the front rollers. 

It will be obvious from the graph showing n*lative numbers of fast- and 
slow-moving fibres that tlie controlling tendency is .such that the retaining 
force is greater than the plucking force. On individual fibres, however, the 
plucking tendency may be the .greater owing to their being in contact to a 
greater extent with the fast-moving fibres than i*- shown by distributed 
average force. The plucking forward of such fibres iiicrea.sc'^ the number 
of fast-moving fibres and consequently creates a further tendency for pluck- 
ing to take place. In this way a more gradual building uj) in thickness 
results. 

For any irregularity which takes a wave fonnation by a gradual building- 
up ])rocess the minimum wave-length possible, where all the fibres are uniform, 
is twice the fibre length. It may be greater than this, but anything less 
would possess a imiform portion between the maximum and minimum values 
of the irregularity. The period of rise to a maximum must be affected by the 
surface friction between fibres, and this has been shown to be the case by 
experimenting on oiled and unoiled slivers of the same material. The oiled 
sliver produced a shorter wave-length as compared with the unoiled and more 
regular in uniformity of diameter. This may at first sight be paradoxical, 
but when it is considered that the force required to break an tiiled sliver is 
greater than in the case where no oil has been applied, it will be realised that 
there is an increase in resistance to movement of fibre on fibre. 

A more uniform wool approximating to a square top prepared by several 
combings still gave a wave-length of about twice the average length and 
therefore uniformity is not the factor causing the divergence between the 
wave-length compared to the fibre length of wool and cut artificial silk. 

If surface friction is largely the determining factor, a fibre of some 
intermediate value as regards surface frictional properties should give an 
intermediate value in respect of wave-length. Cotton is probably one such 
fibre and irregularities in cotton slubbings on this argument should give a 
wave-length of between two and four times the fibre length. The value for 
cotton has not been determined in these experiments, and no precise published 
data are available. 

An effect which must aid the faster moving fibres to carry others with 
them by means of surface friction is that unavoidably associated with the 
present roller system of drafting. At the front rollers the fibres are pressed 
close together in the nip, and hence the effect of surface friction at some 
distance prior to this point must be such as to aid the fibres in the majority. 
In other words, the fast-moving fibres have a greater tendency to pluck 
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other fibres with them owing to their more intimate contact with the slow- 
moving fibres due to the pressing together of the top and bottom front 
rollers. 

The higher the draft the less the number of fibres in the ratch, and hence 
the less influence of one on another. With high drafts, therefore, the nip 
effect becomes more important, and hence the amplitude of the wave 
with such drafts will tend to reach greater dimensions. That high drafts 
do cause greater irregularities is well known. With longer wools the nip 
effect must become diminished in influence, and the use of higher drafts with 
long( r ^vooJs moic .succes.sful. This is in accordance with practice, although 
standard deviation in fibre length of such wools is greater than in the case 
of short wools. 

For the same amplitude variation between thick and thin places, it is 
an advantage in many ty^jes of cloth to have the irregularity in wave-length 
extending over a shorter disianco rather than a long. Where variations 
extend over a long length of yam, the effect in a woven cloth is to give it a 
stripey appearance which cannot be rectified as long as that type of yam is 
used. In the case where the fibres of the wool are very short, there is a 
tendency owing to the inadequacy of control to produce a very uneven yarn. 
It appears, tlierefore, that to produce a yarn which will ovcntuallv weave 
into a satisfactory cloth, that there is sonic intermediate value for fibre 
length from which the best results can bo obtained. 

The fact that every machine sets up and produces an inequality in the 
emerging slubbing, shows the inadvisability of producing a roving from 
a single end, there being no counteracting influence of one slubbing on 
another. The production of rovings in this manner has often been discussed, 
and in cases practised, but in the light of these results it is detrimental to the 
yam produced from the final spinning operation. The advantage of spinning 
from a double end also follows from the same argument. 

It is essential for the production of a level yam that perfect fibre control 
in every operation be achieved. The Continental method of making use of 
pin control in the form of porcupines has advantages in this respect over the 
English draft against twist method. Neither, however, are perfect, and 
only an approximation to uniformity can be hoped for. A method by which 
all fibres are carried foiward at the second and higher speed as soon as leaving 
the control of the back roller would eliminate the irregularising factor shown 
to be present in the system as used to-day, but the difficulties in the way of 
such a method have not as yet, at any rate, been overcome. To ensure 
control of every individual fibre, bound together, as they are, by the system 
of inserting twist, seems impossible; and so long as this method is adopted 
in worsted 3 ^am production, it would seem that level yams must remain an 
ideal to which the results of practice can only approximate. 
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APPENDIX 

Analysis of Materials for Fibre Length 
1 — 64 ’s Botany Wool 


Fibre length 

% Weight 

% No of Fibres 


Mean length 

5 -51 in. 

2*3 

1*5 



41-5 

6*6 

3*5 



4 -4J 

7*2 

4*0 



31-4 

9*4 

6*0 



3 -31 

15*5 

11*6 


► 2*4 in. 

21-3 .. 

12*5 

11*0 



2 -21 

- 190 

20*5 



Ii-2 

16-3 

221 



li-lj 

11*2 

19-7 




II — Wensleydale Wool 


Fibre length 

% Weight 

% No. of Fibres 


Mean length 

13-14 in 

04 

0-2 



12 43 

2*6 

1*3 



11-12 

40 

2-2 



10-11 

7*2 

4*4 



9 10 

108 

6-8 



H- 9 

15*2 

11*5 


. 6-37 ill. 

7-8 

140 

11*9 



6-7 

12-7 

124 



5 6 .. 

144 

16*8 



4-5 

94 

13*0 



3- 4 

74 

13-5 



2 3 „ 

21 

5*9 




— Romney Marsh Wool 



Fibre lengtli 

% WVight 

% No of Fibres 


Mean length 

51-6 in. 

5*0 

2*7 



5 -5J 

6*6 

4*0 



41-5 

13-7 

9*3 



4 -41 

19-3 

14*7 



31-4 

11 4 

9*5 


> 3*22 in. 

3 -31 

10*7 

10*6 



21 3 

164 

19*2 



2-21 

9*3 

13*3 



lJ-2 

4*85 ... 

8*9 



1 -u 

3*0 

7*6 




IV- Kerry Hill Wool 

Fibre length % Weight % No. of Fibres Mean length 


8 -8* in. 
71-8 
7 -71 „ 
61-7 „ 

6 -61 .. 
51-6 
5-51 
41-5 „ 

4 -41 „ 
31-4 .. 

3 -31 „ 
21-3 
2 -21 „ 
11-2 
1 ~U M 
i~l f* 


1-5 

1-5 

4-6 

6-2 

8-05 

8-3 

10-9 

11*4 

11*95 

9*6 

8*3 

7*3 

4*5 

2*8 

2*5 

0*6 


0*7 

0*8 

2*4 

3*5 

5*0 

5*5 

8*0 

9*1 

10*8 

9*8 

9*8 

10*2 

7*7 

6*1 

7*7 

3*0 


3*8 in. 
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V — #6*t Crossbred Wool 


Fibre length 

% Weight 

% No. of Fibres 

&-10 in. 

0*55 ... 

0*2 

8-9 

3*5 

1*5 

7-8 

60 

2*8 

6- 7 

10*4 

5*7 

5-6 

170 

10*9 

4 5 

17*0 

13*3 

3- 4 

21*8 

22*1 

2- 3 .. 

14*45 ... 

... ‘ 20*5 

1- 2 

8*7 

20-5 

1 

0*7 

2*4 


VI— Artlfldal Silk (b-ln. “Fibre”) 


Fibre length % Weight 

6i-7 in 33*9 

6 -6} 66*1 

% No. of Fibres 
.32-2 

67*8 


VII-Artlflcial Silk (4-lii. 

“Fibre”) 


Fibre length 

% Weight 

No of Fibres 

5 -5J in. 

3*6 

3*0 

4* 5 „ 

27*6 

25*7 

4-4* 

68*8 

71*3 


Mean length 


y 3-55 in. 


i 


Mean length 
8*4 in. 


Mean length 

} 


4*4 ID 



2— STUDffiS IN THE SAMPLING OF COTTON FOR THE 
DETERMINATION OF FIBRE -PROPERTIES 

PART III— THE SIZE AND RELIABILITY OF A 
SATISFACTORY SAMPLE 

By Ram Saran Koshal, M.Sc., and A. James Turner, M.A., D.Sc. 

(Indian Central Cotton ('xommittec Technological Laboratory. Matunga, Bombay) 

SUMMARY 

The main object of this Part has been Ihe assigning of the minimum number 
of tests which can be regarded as satisfactory for the determination of the follow- 
ing fibre-properties — ^length, width, convolutions, strength, and rigidity. The 
chief method employed has been the comparison of the mean values of small 
samples of various sizes with the mean value of a large sample, the latter usually 
comprising 3,000 individual test-values. In order to obtain a large number of 
samples of any given size, the “moving-mean method*’ has been used. By inspec- 
tion of the frequency-distribution of the means of the samples of each size, the 
proportion of the means lying between any assigned limits has been ascertained, 
and thence the odds that any single mean of a sample of the given size will lie 
between these limits. The odds applicable to the same limits for the means of 
samples of the same size, normally distributed with a probable error of a single 
observation calculated from that of the whole bulk of the material, have also been 
given, in order that the experimentallv ascertained odds might be compared with 
the purely theoretical normal odds. The results have also been investigated for 
each fibre-property by comparing the dispersion of values of small and large 
samples, and by comparing the actual frequency-distributions of small samples 
with the theoretical frequency-distribution of a large sample. 

The following are the conclusions arrived at as a result of the present analysis — 

(1) Although the method of sampling adopted must usually be decided from 
certain general considerations, we have been able to show that the method of 
selecting individal fibres from a carefully-prepared sliver in which the fibres fiave 
been thoroughly mixed, shows a bias in favour of the selection of the longer fibres, 
and is therefore inferior to the method of selecting small bunches of fibres from 
different parts of the sliver, and testing every fibre in each bunch so selected. 

( 2 ) The mean value (i.e. the arithmetic mean) is usually satisfactory as a 
single value representing all the test-values obtained for a sample, but in the case 
of fibre-rigidity, for which the distribution is extremely asymmetrical, caution 
must be exercised in the use of the mean value as it is greatly affected by high 
individual values which are sometimes ten times as large as the arithmetic mean. 

( 3 ) In the case of fibre-length, fibre-width, and convolutions, which give nearly 
symmetrical frequency-distributions, the mean value and the probable error of a 
single observation arc quite sufficient to indicate the composition of a sample. 
But in the case of fibre-strength, and more particularly in che case of fibre- 
rigidity, it is desirable to indicate the composition of a sample by the upper and 
lower quartiles, in addition to the mean value. 

( 4 ) I'hc degree of reliability of small samples is indicated in the following 
table, which shows the total range, expressed as a percentage of the mean, for 
which the odds are as indicated that the mean of a random sample of the given 
size will lie therein — 


Range (% of Mean) for which the Odds are as shown that the Mean of a Random 

Sample will lie therein 


Fibre-property 

Odds 

Size of Sample 

200 1 

300 

400 

500 

600 

Fibre-length 

20:1 

18 1 

16 

13 

1 11 

9 

Fibre-width 

20:1 

4 

2-7 

2 

— 

— 

Convolutions 


30 I 

1 24 

20 

19 

18 

Fibre-strength ... 



23 

17 

15 

13 

Fibre-rigidity ... 

1 5:1 

1 - 


55 

48 

44 


Thus from column 3 we see that the odds are 20:1 that the mean of a random 
sample of 200 fibres will lie within a range of 4 % of the mean value of the 
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fibre-width; this is equivalent to 2% on either side of the mean, seeing that the 
distribution of values of fibre-width is symmetrical. 

(5) In the selection of a certain sire of sample as representative, we are guided 
partly by the degree of reliability of the result for that size, and also by practical 
consideration of the difi&culties of making a very large number of tests. Bearing 
both these points in mind we consider the following are the minimum numbers 
of tests which should be made in the determmation of the several fibre-properties 
by the methods described in Part I — 


Fibre-property 


No. of Fibres for 
Representative 
Sample 


Total Range (% of Mean) for which the 
odds are 20 to 1 that the Random 
Sample will he therem 


Fibre-length 

Fibre-width 

Convolutions 

Fibre-strength 

Fibre-ngidity 


500 

300 

500 

500 

500 


11 

2-7 

19 

15 

48 (odds 5 1) 


( 6 ) The results obtained in this investigation relate for the most part to Surat 
1027 A.L.F. only. But as this cotton wa .<5 specially selected because prcMOUs 
tests had shown that its individual test-result'^ displayed great variation, it may 
be inferred that the results obtained from any given number of tests of a certain 
property of another cotton will be at lea.st as rfdiable as those obtained from the 
same number of tests of the same property of Surat 1027 A. I. F. 

I-~. INTRODUCTION 

It was pointed out in J^art P that the experiments discussed in this series 
of papers had their inception in the desire to find answers to the following 
thrfie questions concerning the sampling of cotton fibres — 

(1) How may we obtain a satisfactory sample ? 

(2) How many fibres constitute a satisfactory sample ? 

(3) What is the degree of reliability of the results obtained for a value 
of a fibre-property ? 

The difficulty of answeniig these questions arises from the great 
variation of properties from fibre to fibre; in Part II therefore we examined 
this variability as a necessary prelude to the answering of the three questions. 
We found that the different fibre-properties do in fact differ from one another 
both in the nature and degree of their variability, and in the present Part 
we pioceed to utilise tlie results obtained in Part II in seeking the solution 
of our main problems. 

As explained by one of us in a previous paper^ the determination of the 
size of a representative sample is a comparatively simple matter if the distri- 
bution of the individual values can be represented by a normal curve For, 
in this case, by the analysis of the results for a very large sample — taken to 
represent the bulk — we can find the value of the probable error {e) of a single 
observation, which we may express as a percentage of the mean. It is to be 
noted that the probable error of a single observation is a measure of the 
variability of the sample, and, so long as the sample is not too small, its value 
will be approximately the same whatever the actual size of the sample. This 
is not the case for the probable error of the mean value for any sample, for 
this probable error is found by dividing the probable error of a single ooserva- 
tion by the square root of the number of tests, n, so that by suitably increasing 
n we may make the probable error of the mean as small as we please. Now 
when dealing with a variable property we can only define a satisfactory 
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sample in terms of odds; we regard as a satisfactory sample one for which the 
probability is high that its mean value does not differ from the mean of the 
bulk by more than a certain amount. The "high probability" and "per- 
missible difference from the mean of the bulk" are both fixed arbitrarily. 
Thus we may decide to accept a certain size of sample as satisfactory if the 
odds are 20 to 1 that its mean will not differ from the mean of the bulk by 
more than 6% on either side. Now from the value of the probability-integral 
for a normal distribution we find the odds are 20 to i that the mean of any 
sample of a given size will lie within the limits denoted by approximately three 
times the probable error of a mean of a sample of that size; hence with a 
"high probability" of 20 to i and a "permissible difference from the mean of 
the bulk" of 6% on either side, we must so choose n that the probable error of 


the mean—— =2% of the mean. 


But, for a normal distribution, if e is the 


probable error of a single observation, then the probable error of the mean 


= - , so tliat in the present case— — 2% of the mean, whence \/lt , 

V« yn 2 

and n — - . 

1 

More gciierall}^ if we wish the mean of our sample to be correct with high 
probability within on either side of the mean of the bulk, and if we wish 
the odds against the sample-mean differing from the Imlk-mean by this 
amount to be the same as n]-)ply to its not differing from the bulk-mean by 
more than m times the probable error of the mean, then we must so choose 


n that the probable error of the mean ~ 


X 

m 


ex 

tlence —7=. - - , or n = 7 

m 


This foniiula for calculating n depends upon the following assumptions — 

(1) That the number of obsi'rvations fonning the original sample, from 
which the probable error of a single observation is calculated, is sufficiently 
large. 

(2) That the observations are distributed in accordance with the normal 
law of error; and 

(3) That the conditions of "simple sampling" are satisfied, viz. — 3 , 4 

(n') Every observation contributed to the sample may be regarded as 
independent of every other. 

(&) "There is no essential difference between the localities" from which 
the observations are drawn, nor, if the observations have been made 
at different epochs, must any essential change have taken place during 
the period over which the observations are spread.* 

♦On this point “Student" remarks® -After considerable ♦'xpenena* 1 have not en- 
countered any determination which is not influenced by the date on which it is made; 
from this it follows that a number of determinations of the same thing made on the 
^me day are likely to lie more closely together than if the repetitions had been made on 
different days. It also foUows that if the probable error is calculated from a number 
of observations made close together in point of time much of the secular error will be 
left out. and for general use the probable error will be too small. 
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(c) “The conditions that regulate the appearance of the character 
observed are not only the same for every sample, but for every indi- 
vidual in every sample." 

Let us examine how far these conditions apply to the problem in hand — 

(1) The number of observations forming the original sample is large, as 
from 3,000 to 4,000 fibres were examined for each of the fibre-properties. 

(2) As pointed out in Part II, none of the fibre-properties except fibre- 
width conforms strictly to the conditions of the normal law; in fact, fibre- 
strength and fibre-rigidity give decidedly skew distributions. 

(3) (a) This condition is only partly satisfied, for although any particular 
bunch of the well-mixed fibres may be regarded as a random sample, yet there 
is a bias in selecting the successive fibres from a single bunch for testing, 
longer fibres being taken first; hence there is an accumulation of longer fibres 
among the earlier tests of a bunch of fibres, and also an accumulation of 
shorter fibres among the later tests; and the means of sets of successive tests 
will tend to be high or low according as they include a large proportion of the 
earlier or the later tested fibres. 

(ft) and (c) Ihe observations extended over a period of more than a year, 
during which time it was not possible to maintain exactly the same conditions 
for the examination of every fibre. Moreover, the individual observations 
may be affected by instrumental or other kinds of persistent errors which 
cannot be accounted for by the errors of simple sampling. 

In view of all these limitations we are compelled to derive our measures 
of reliability of the results from the actual study of small samples. The 
results of this investigation are given in the following pages; for purposes of 
comparison, however, we have indicated in each case the results that might 
have been expected if the distribution of the means had been normal, with 
a probable error of a single observation calculated from that possessed by the 
whole material. 

Il—METHODS OF INVESTIGATION 

(i) General Considerations — satisfactory sample is one which is com- 
pletely representative of the bulk from which it is drawn; moreover, its size 
^ould be such that there is a high degree of probability that samples of 
similar size will be similarly constituted. Now, if a small sample is really 
representative it will have approximately the same arithmetic mean and 
standard deviation as a large sample; this will happen if the percentage fre- 
quency-distributions of the small and large samples are identical. Conse- 
quently we may employ three methods of investigation for finding the size 
of a representative sample, viz. — 

(i) A comparison of the mean values of small samples of various sizes with 
the mean value of a large sample. 

(ii) A comparison of the dispersions of values of small and large samples. 

(iii) A comparison of the actual frequency-distributions of small samples 
with the theoretical frequency-distribution of a large sample. 

For the purpose of determining the smallest size of sample which may be 
regarded as satisfactory, we might lay down the condition that the mean 
value for any property must be correct to within a certain percentage of the 
value for a very large sample; but if we make the limits the same for every 
fibre-property we encounter certain practical difficulties owing to the differ- 
ences in variability of the different properties. Practical considerations may 
make it necessary for us to adopt frdrly wide limits for such a variable 
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property as the fibre-rigidity, and if we were to adopt the same limits for a 
much less variable property, we should need to make only a few tests of tiie 
latter. But as there would be no practical difficulty in increasing the number 
of tests m this case, there is obviously no reason why we should' not do so, 
and so attain a higher order of accuracy. Thus by means of the first method 
we shall determine the odds applicable for samples of different sizes to fall 
within certain definite limits; and then, bearing in mind these practical 
considerations, we shall decide what size of sample may reasonably be chosen 
and the odds and limits which apply to that size of sample. 

We shall apply somewhat similar considerations to methods (ii) and (iii), 
but in these cases we shall finally indicate the magnitudes of the differences 
that are to be expected in the dispersions of values and in the frequency- 
distributions of the smallest samples whose sizes have been indicated as 
satisfactory by the first method. 

It may be observed that even if our small sample has the same arithmetic 
mean and standard deviation as a large sample, we cannot be certain that 
other small samples will be similar; we must first find out the extent to which 
such small samples differ from one another, as one single small sample may be 
merely a particular case which happens to resemble the large sample. For 
each particular size of small sample, therefore, it is necessary to ascertain 
what is the distribution of a large number ot such small samples. In order 
to obtain this large number of samples in the present investigation, the 
‘*moving-mean” method was adopted. This method will be clear from the 
following example — 

Three thousand fibres were tested for fibre-strength; in finding the mean 
values of sets of loo tests each, the mean was found of the first loo test- values 
in the order of sampling; the first test-value was then discarded, and the 
lOTst test-value included instead, so as to make the total number of values 
100 as before, and the new mean was calculated. Next, the second test-value 
was also discarded, and the 102nd test-value included instead, and the third 
mi*an-value of 100 tests was calculated. By thus discarding the test-values 
one at a time, and making up the size of the sample by the inclusion of later 
test-values, a mean value of 100 tests was obtained each time a test- value was 
discarded; and as all the 3,000 test-values were discarded in turn, we were 
able to obtain 3,000 mean values of 100 tests each. In a similar way we 
obtained 3,000 mean values of groups of 200, 300, 400, 500, and 600 tests. 

The same metliod has also been used in a slightly modified form; thus, in 
some cases the 3,000 test-values have been divided into 30 successive and 
independent groups of 100 each; the mean values have been found for each 
of the 30 groups, and the 30 independent means so obtained have been com- 
bined by this moving-mean method so as to give 30 means respectively for 
200, 300, 400, 500, and 600 tests. 

It is evident that the 3,000 mean values, of 100 and multiples of 100 tests, 
must be strongly correlated, and this has to be borne in mind in the interpreta- 
tion of the results. 

We will now briefly review the three methods of finding a representative 
sample. 

(ii) Method {%) — Comparison of the mean values of small samples with the 
mean value of a large sample — In this method of finding the size of a representa- 
tive sample, large numbers of mean values for samples of 100, 200, 300, 400, 
etc., are obtained by the moving-mean method. These mean values are 
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arranged in the form of a frequency-distribution for each size of sample^ 
afeing the same class-interval throughout. It is found that as the size of the 
sample is increased, the frequency-distribution becomes more and more 
regular and symmetrical. By inspection of the frequency-distribution we 
ascertain what proportions of the means lie between certain assigned limits; 
we thus obtain the odds that any single mean of a sample of given size will 
lie between these limits. The odds applicable to the same limits for the means 
of samples of the same size, normally distributed with a probable error of a 
single observation calculated from that of the whole bulk of the material, 
are also given in order that the experimentally ascertained odds may be com- 
pared with the purely theoretical normal odds. 

(iii) Method (it) — Comparison of the dispersions of values of small and large 
samples — ^This method of finding the representative sample depends upon the 
fact that the dispersion of values of a sample tends to equal that of the whole 
population more and more as the size of the sample is increased. In the 
present paper the standard deviation is used as the measure of dispersion. 
Standard deviations arc obtained for sets of lOO tests each, and multiples of 
sets of 100 (200, 300, 400, etc.); as previously indicated, the mean standard 
deviation for a given size of subsample tends to equal that of a large sample 
(3,000 values) more and more as the size of the subsample increases; more- 
over, the greater the size of the subsample, the smaller become the differences 
between the standard deviations of the individual subsamples of the given 
size, and hence the smaller becomes the standard deviation of these standard 
deviations. 

The standard deviations for sets of 100, 200, 300, 400, and 500 tests for 
the various fibre-properties are given in Tables II, VI, IX, and XII. For 
the calctilation of these standard deviations the 3,000 test-values are divided 
into 30 successive and independent groups of 100 test-values each, taken in 
the order of sampling; frequency -distributions of each set of 100 values are 
obtained, using the same class-interval throughout; we then take an arbitrary 
mean which is kept the same for all the 30 sets, and the standard deviation for 
each set is computed as explained m I'art II (Technological Bulletin, Series B, 
No. 6, page 36, or Journal of i 1 %e Textile InstittUe, Vol. XXI, 1930 T360). In 


this way we obtain 30 values of 


= E(mr) \ 


N 




and 30 values of vf (second 


moment about the arbitrary mean); these values of and vf are next 
suitably combined by the moving-mean method to give the new vf and vf 
for any multiple of 100 tests, and after applying the proper corrections for 
arbitrary mean and grouping, //g is obtained, the square root of which is the 
standard deviation. The method is not only simple but it also provides a 
check on the arithmetic, for which the algebraic sum of aU for sets of 100, 
must be equal to the algebraic sum of all v/'s for multiples of 100 tests; 
similarly the sum of all v/*s for sets of 100 must be equal to the sum of all 
Vj^'s for multiples of 100. 

(iv) Method (iti) — Comparison of the actual frequency-distributions of small 
samples with the theoretical frequency-distribution of a large sample — A number 
of samples of each standard size (100, 200, 300, 400, etc., test-valueg respec- 
tively) are taken out of the 3,000 test-values and the frequency-distribution 
for each sample is found. By comparing the distributions of the various 
samples of each given size with one another and with the theoretical distribu- 
tion of 3,000 test-values, we can infer the minimum size of small sample which 
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may be taken as representative of the population. As previously indicated, 
this minimum limit of the size depends upon the percentage error, or departure 
from fitness, that we arbitrarily decide to regard as insignificant for our pur- 
pose. In order to indicate the closeness of fit by some mathematical index 
we use a certain quantity A, whose square, is calculated from the per- 
centage distributions in exactly the same manner as is calculated, as 
explained in Part II.® We shall call A “the coefficient of fitness.*' For the 
evaluation of A, the percentage frequency-distribution of a subsample and 
the theoretical percentage frequency-distribution are placed side by side, 
the number of classes being the same in both cases. For each cl^s the 
difierence d is found between the theoretical value y and the observed value 
of the sample; tlie square of each such difference is divided by the correspond- 
ing theoreticfd value y. Then A eqmds the square root of the sum of the 
quotients thus obtained. 

In an ideal case A would be zerfj, but in practif f owing to unavoidable 
sampling errors, it always has some positive value which becomes less, how- 
ever, as the number of tests is increased. 

Instead of A we might use a somewhat simpler quantity d, the total of 
the absolute values of the deviations between the observed and theoretical 
percentage frequencies. Hence d^Z{ 6 ), and as the total of the frequencies 
themselves is necessarily lOO (since the frequencies in the class-intervals are 
expressed as percentages of the total), we may regard d as a measure of the 
total percentage deviation of the observed from the theoretical frequencies. 

Now it can be shown that if the deviation between the observed and 
theoretical percentage frequencies, expressed as a percentage of the theoretical 

d 

percentage frcciuencies, is the same for each class-interval, then • But 

in any actual case the perctuitage deviations an* not all equal for the various 
class-intervals, and, as a consequence, the value of A is always greater than 
d 

We therefore deduce that, for a given value oi A, d is never greater 
than loA, 

In applying this inetliod we have used the simpler quantity d in aU cases, 
but for the fibre-properties of length and strength we have also used A. 

Ill- DISCUSSION OF RESULTS 

In Part II wc found from an analysis of some 3,000 test-results the 
theoretical frequency-distribution for each fibre-property; from this theo- 
retical frequency-distribution we have calculated the percentage frequency- 
distribution of a “perfect** sample, and have compared with this the observed 
percentage frequency-distributions of sets of 100, 200, 300, etc., test-values. 
The vadues of the total percentage deviation {d), and of the coefficient of 
fitness (J), are given in Tables III, IV, VII, X, XIII. XIV, and XVI. These 
tables, together with the tables of mean values and probable errors (single 
observation) of groups of 100, 200, 300, 400, etc., for the different fibre- 
properties are given in the Appendix (page T47 et seq). 

The different properties will now be considered separately in the following 
order — (i) Fibre-length; (2) fibre-width; (3) convolutions per fibre; (4) fibre- 
strength; (5) fibre-rigidity. 
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(1) Fibre-length 

As has already been points out in Part I, two methods were used for the 
sampling of fibre-length. For the first i,ooo tests, fibres were picked singly 
from the prepared sliver, but for the subsequent tests small bunches were 
taken from the sliver, and all the fibres in each bunch were tested: In the 
discussion which follows we shall refer to the two methods as ‘‘Sampling 
Method A" and “Sampling Method respectively. We will first discuss 
the results for the last 3,000 tests of “Sampling Method in relation to 
questions (2) and (3), page 118, and afterwards compare the results obtained 
by the two methods of sampling for the light they shed in the first question. 

(i) Application of Method {i) — Comparison of mean values of small and 
large samples — Table I gives the mean values of sets of 100, 200, 300, 400, 
500, and 600 tests, based on the 30 successive and independent means of 100 
tests each. With the increase in the bulk of the sample, the different mean 
values agree more amongst themselves and with the mean (2-26) of the whole 
sample (3,000 tests); the ranges of values for sets of 100 and 600 are 2-56-i*98 
and 2*30 -2*i(> respectively. In order to study the distributions of mean values 
of different samples, all the observations were divided into 150 groups of 
20 values each, and the mean value lor each group obtained. From these 
the mean values for groups of 100, 200, 300, 400, 500, and 600 tests each were 
obtained by the moving-mean method. The results are embodied in Table I 
below in the form of a frequency-distribution of the values for each size of 
subsample — 

Table I 

Frequency-distributions of Mean Values of Fibre-length for Sets of 
100, 200, 300, 400, 500, and 600 Tests obtained by the Moving-mean Method 

from 3,000 Tests 


I 


Mid-point of 
Class-interval 

100 

200 

300 

400 

500 

600 

Cms 







1-90 

1 

- 





1-95 

4 

_ 


_ 



200 

6 

< 4 

! 


1 

_ 

2*05 

6 

2 

5 

1 

1 


210 

7 

7 

5 1 

1 4 

-- 

_ 

2*15 

19 

20 

7 

4 

12 

5 

2-20 

24 

28 

35 

46 

40 

48 

2*25 

17 

27 

48 

41 

1 44 

42 

2-30 

16 

22 

20 

26 

26 

31 

2-35 

13 

15 

10 

13 

22 

24 

2-40 

14 

10 

11 

15 

6 



2*45 

9 

10 

7 




1 

2*50 

6 

5 

2 






2-55 

7 



— 1 

1 - ~ 



2-60 

1 

— 

1 

1 

; 1 

1 — 

— 

Mean 

. 2*260 

2*260 

2-259 

2*259 

1 2*258 

1 2*257 

S.D 

. 0*1512 

0*1112 

0-0906 

0*0719 

1 0*0632 

0*0547 

<»/v»* 

.< 0*0499 

0*0353 

0-0288 

0*0249 

1 0*0223 

0*0203 


For each size of sample there is a great difference betweeiv S.D., the 
standard deviation calculated from the 150 mean values and o/Vw, the 
standard deviation calculated from or, the standard deviation of the whole 
population (3,000 values). This is largdy due to the fact that the selection of 
successive fibres for testing was not completely random (see (3) (a) page T 2 o), 
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though contributory causes are no doubt the correlation between successive 
means, and some error of measurement, arising from variation in the un- 
measured length of the ends of the fibres embedded in the wax used for 
mounting. 

Samples of size lOO show great variation and irregularity, while other 
sizes of sample are comparatively symmetrical and concentrated round the 
mean. This is also shown by the values of standard deviation of the mean 
for the set of samples of each size; the standard deviation rapidly decreases 
with the increase in the size of the sample; the value 0-0719 for 400 tests is 
less than half the value 0*1512 for 100 tests, and the change beyond 400 tests 
is very small. Out of the total number of 150 groups, the numbers of groups 
for different samples lying between certain limits are as follows — 


Size of sample ... 

100 

200 

300 

400 

500 

600 

Percentage number of samples between 2*175-2*325 

Actual 

38 

51 

69 

75 

73 

81 

K\])ecte(l fiom the value of al\ n 

' 87 

96 

99 

100 

100 

100 

JVicentagc iiiimlu 1 oi sai]ii)lcs bctwicii 2*125 2*375 

Actual ... ... ... . . 

59 

77 

SO 

87 

96 

100 

Kxpected from the a alue of tr/ y « 

99 

100 

100 

100 

100 

100 


From these figures it appears that the chances are actually 3 to i that the 
mean of a sample of 400 or 500 tests will be within 3-5% on either side of 
the mean of the whole population, and that the odds are 4 to i for 300 tests, 
0*7 to I for 400 tests, 24 to i for 500 tests, and practically certain for 600 tests, 
that the mean will not difier from the mean of the whole population by more 
than 5*5% on either side. And as in general we should consider it undesirable 
for the fibre-length to be subject to a possible error of more than 5% we 
deduce from these results that it is necessary to take at least 500 fibres for 
determining the fibre-length by this method. 

(ii) Application of Method (ii) — Dispersion of values of small and large 
samples — Table II gives the standard deviations for the different samples, and 
from these it can be seen that as the size of the sample is increased from 100 
to 600 tests, the mean standard deviation gradually rises from 0*4722 to 
0*4954, and approaches the standard deviation of the whole population, viz. 
0*4986. The arithmetic mean of the 3,000 tests is 2*26 cm., so that the 
standard deviation of the whole population is 21*0% of the arithmetic mean. 
The ranges of the values of the standard deviations for 100 and 600 tests are 
0*349-0*661 and 0*453-0*557 respectively. The values of the standard 
deviations for the various sizes of subsample are given below — 

Sj/e of sample 100 200 300 400 500 600 

Mean standard deviation (cm.) 0*4722 0*4841 0*4895 0*4918 0*4945 0*4954 

wS D of S.D.'s (cm.) 0*0627 0*0485 0*0385 0*0341 0*0319 0*0301 

S.D. (% of arithmetic mean) ... 2*77 2*15 1*71 1*51 1*41 1*33 

These figures show that with the increase in the size of sample, the standard 
deviation of the standard deviations rapidly decreases, until for a sample of 
size 500 it is only i'4i% of the arithmetic mean. 

(iii) Application of Method (m). Departure from fitness — The observa- 
tions were divided into 30 independent groups of lOO vdues each in the order 
of sampling. Frequency-distributions for each of these groups were obtained 
using the same claiss-interval (0*3 cm, — ^the same as used in curve-fitting in 
Part II) and the same number of class-intervals ( 11 ). The 30 frequency- 
distributions so obtained were then combined, class by class, in groups of 
2, 3, 4, and 5 respectively by the moving-mean method, so as to give the 
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frequency-distributions for sets of 200. 300, 400, and 500 tests. The theo- 
retical percentage distribution was obtained from the normal curve fitted to 
the observations. The values of total percentage deviations d and of 
coefficients of fitness A for the frequency-distributions of the various sub- 
samples are given in Tables III and IV respectively, from which it can readily 
be seen that both d and A decrease as the size of the sample is increased. 
The ranges of the values of A for samples of 100 and 500 are 871-2-28 and 
4*00-1 *47 respectively, llic mean values of d and A for the different sizes 
of sample arc given below — 


Size of sample ... 

100 

200 

300 

400 

500 

Mean value of J 

4*51 

3‘32 

2-80 

2-49 

2*24 

Mean value of d 

30-6 

23*4 

191 

17-0 

15-2 


From these figures we see that for samples of size 500 the mean departure from 
fitness {A) is only 2-24, and the mean total deviation (d) is only 15-2 per cent. 

(iv) Comparison of methods of sampling— The mean value for the first 
1,000 tests is 2-54 cm., whereas for the second, third, and fourth 1,000 tests 
the mean values arc 2.26, 2.29, and 2.22 cm resptrtivcly. The difference 
between the mean of the first 1,000 and the n<.xt highest mean of 1,000 tests 
(the third 1,000) is 0-25; whereas, excluding the first 1,000, the greatest 
difference between the mean values of any other pair of 1,000 tests is only 
0-07, or less than one-third of the former difference, which can hardly there- 
fore be attributed to fluctuations of random sampling; moreover — 

'1 he mean value ol hrst 1 ,000 tests 2 54 | *0082 
„ „ seioncl „ 2-20 t -0118 

Uillereuce bct>veeii lutaiLs 0 28 ] 0144 

The difference between the means is about 20 times its probable error and so 
we cannot regard it as due to flucluations in random sampling only; the 
difference is doubtless due to a sampling bias in favour of the long fibres by 
sampling method A, at the time of taking fibres from the prepared sliver. 

We may now compare the results of the first 1,000 and the last 3,000 tests. 
The frequency-distributions of mean values of sets ol 100, 200, 300, and 400, 
obtained by the moving-mean method for tlie first 1,000 tests, are given in 
Table II— 

Table II 

Frequency-distributions of Mean Values of Sets of 100, 200, 300, and 400 Tests 
obtained by the Moving-mean Method— Fibre-length (first 1,000 Tests) 


Mid-point of 
Class-interval 

100 

1 

1 


200 

300 

400 

2*30 

4 





j 


2*33 

31 



— 




2-36 

27 



— 

_ 

_ 

2*39 

35 



- - 

_ 



2*42 

56 



7 




2*45 

58 



148 



■ 

2*48 

53 



38 

132 



2*51 1 

94 



149 

214 

363 

2*54 

146 



no 

234 

' 332 

2*57 i 

126 



297 

296 

1 223 

2*60 

178 



220 

106 

82 

2*63 

* 113 



31 

18 

i — 

2*66 

71 



— 


' ♦ — 

2*69 

8 



— 




These frequency-distributions, compared with those given in Table I for the 
last 3,000 tests, are more irregular and skew. It is interesting to note that 
the region 1-90-2-30, which contains, even in the case of samples of size loo, 
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about 67% of the values in Table I, is altogether missing in Table II. This 
clearly shows the effect of bias in the selection of fibres in first 1,000 tests; 
as a consequence of the elimination of the short-length fibres in these tests, 
there is less variation among those that are selected in the sampling; and for 
subsamples of even 300 tests no less than 98% of the mean values are included 
within the range 2-465-2-6i5, so that the chances are 49 to i that, by this ''A" 
method of sampling, the mean value of a sample of only 300 tests will be 
within 3% on either side of the mean of the whole population. While the 
method of measuring individual fibres ran hardly be recommended against 
the present-dav Sorter methods, in which the number of fibres used in the 
sample is so very much greater than is possible by the individual-fibre 
methods, yet some method of the latter kind has occasionally been used. 
I'hiis’^ “Cobb developed a very exact but laborious method of measuring 
fibre's. The fibres were i)ulled individually and at random from the mass, 
projected witli a lantern on a screen, and the enlarged figure measured by a 
map tracer. Two hnndn'd fibres are found to give an accurate representation 
of the Cotton.” Unfortunately, the evidence is not given on which this 
conclusion is l)ase(]. From our previous discussion, it is clear that we cannot 
regavd the conclusion as applicable gencTally; and it may be further pointed 
out that under these contlitions, owing to the presence c)f the kinks in the 
fibres, the mean-length obtained by Cobb's intthod is likely to be much 
greater than that obtained by measuiement with a niicr()scc>i)e av telescope. 
We conclude that tlu* sampling method “A” is defective because theu' is a 
tendency on the ])art of the experimenter unconsciously to select long fibres, 
causing the mean value to be higher and the variability less. The second 
sampling method enables all the grades of fibre to be adequately sampled; 

and the sample of satisfactory size must contain at least 500 fibres, in which 
case the odds are 24 to i that the mean will not differ by more than some 5% 
from the nuMn of the whole j)opulation. A somewhat lower result was 
obtained by Morton,” who stales, with reference to a series of tests on 15 
cottons of various t^^pes, that for the length mea.Mircmcnts “each mean 
involved observations on approximately 500 hairs, taken at random, so that 
the probable error of the mean was of the order of 1%''; hence, in this case, 
if the means are normally distributed, the odds are 24 to i that the mean will 
not differ by more than 3*2% from the mean of the whole population. 

(2) Fibre -w'idth 

(i) Variation among samples— T\io 3,000 test-values were divided into 
30 successive and indc'pc'iident groups of 100 each, and the mean value 
obtained for each group. The 30 means of 100 tests were then combined by 
the moving-mean method so as to give 30 mean values for sets of 100, 200, 
300, 400, and 500 tests; these mean values are given in Table V. On exam- 
ining the means for the independent sets of 100 tests (coL 2), it will be found 
that the whole column can be divided into three distinct regions, I-X, 
XI-XX, and XXI-XXX, comprising the first, second, and third 1,000 tests 
respectivly. It may be noted that the lowest value in the first region is 
169-2 (mean value of fifth 100 tests) and the highest value is 180-7; and that 
in the second region, even the lowest value 182-4 (mean value of fifteenth 
100 tests) decidedly exceeds the highest value in the first region. This dis- 
tinct division into three parts is maintained even when the test-values are 
grouped into the larger samples, although the fluctuation amongst individual 
values then becomes less. The frequency-distributions, of 3,000 mean values 
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each, of sets of lOO and of 200 tests — obtained by the moving-mean method — 
present three well-marked peaks, showing that so far as mean values are 
concerned we are dealing with a heterogeneous mass. The heterogeneity is 
not unexpected in the case of the first 1,000 fibres, for, as we have already 
seen, these constitute a sample materially different from the second and third 

1,000 fibres; the sampling was biassed in favour of greater length, and as 
greater length and smaller width are generally associated together, it is not 
really surprising that the mean values for fibre-widths of sets of 100 of the 
first 1,000 fibres are comparatively low, and that the mean value for the first 

1,000 fibres is 173-4 (iO“® cm.), whereas the mean values for the second and 
third 1,000 tests are 186*04 and 180*44 respectively. 

But even when we have separated off the first 1,000 test-values, we find 
that the frequency-distribution of the ineanb of sets of values taken from the 
remaining 2,000 test- values still presents two distinct peaks. Now the mean 
values of the second and third 1,000 tests are respectively i86*04±*4o8 and 
i8o* 44±*426, and the difference between them is 5-6o-t*59o; this difference 
is about ten times its probable error, so that it cannot be wholly ascribed to 
errors of random sampling. In point of fact, the second and third 1,000 te.sts 
were made at widely different values of the atmospheric humidity, which 
generally ranged between 70 and 80 (mean 75%) for the second 1,000 tests, 
and between 40-65 (mean 50%) for the third t,ooo tests. In view of the 
results given by Clayton and Peirce,^ there can be but little doubt that the 
higher value obtained for the second 1,000 tests is due to the higher humidity 
prevailing when they were carried out. For these reasons, in investigating 
the reliability of mean values for small samples, we have confined our atten- 
tion to the results for a single 1,000 tests, and have selected the second 1,000 
tests because these gave an excellent fit to the theoretical curve by the 
P*' test.i® 

(ii) Application of Method (t). Comparison of mean values of small and 
large samples — ^Table V shows the mean values of sets of 100, 200, 300, 400, 
and 500 tests, based on the 30 successive and independent means of 100 tes>ts 
each. In order to examine the reliability of mean values of small samples, 

1,000 mean values have been obtained by the moving-mean method for sets 
of 100, 200, 300, and 400 tests respectively, using all of the second 1,000 values 
for each set. The frequency-distributions of these mean values are given in 
Table Ill- 

Table 111 

Frequency-distribution of Mean Values of Sets of 100, 200, 300, and 400 Tests, 
obtained by the Moving-mean Method— Fibre- width (second 1,000 Fibres) 


Fibre-width 
10"* cm. 

100 

1 200 

1 300 

' 400 

179 

1 " n 

— 



1 

180 

23 

— 

— 



181 

18 

— 

— 



182 

27 

2 

1 



183 

108 

45 

— 



184 

120 

177 

84 1 

1 5 

185 

96 

127 

288 ' 

293 

186 

88 

232 

283 1 

1 419 

187 

- 151 

196 

223 1 

190 

188 

170 

164 

115 

» 03 

189 

154 

57 

7 



m 1 

! 28 

— 

— 

— 

Mean 

186*0‘ 

1^*1 

186*0 

186*1 

S.D. ... 

2*68 

1*60 

1*13 

0*89 

. 5 /V? 

1*99 

1*41 

1*15 

1*00 
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Except for the smallest size of sample there is fair agreement between the 
standard deviation, S.D., calculated directly from the means, and the 

standard deviation calculated from a, the standard deviation of the whole 
population. 

The samples of lOO fibres have given very irregular distribution and great 
variation, so that loo fibres cannot be regarded as a satisfactory sample. 
Samples of 300 and 400 fibres give nearly symmetrical distributions. The 
mean for the whole 1,000 fibres is 186*04. The following are the numbers 
per 1,000 of the means for the various sizes of sample which lie within the 
ranges indicated — 


Size of sample 

100 

200 

300 

400 

Number of samples between 184-5-187-5 — 

Actual 

335 

555 

794 

902 

Expected from the value oi a j\/n 

549 

713 

807 

867 

Number of samples between 183-tS-188‘5 — 

Actual ... ... 

625 

896 

993 

1,000 

Expected from the value ot a jyn 

791 

924 

970 

988 


These figures show that, for samples consisting of 300 and 400 fibres, 80 and 
90% respectively of the means do not differ from the grand mean by more 
than 0*8% on either side, and that less than 1% differ from the grand mean 
by as much as 1*4% on either side. 

We can therefore conclude that the limit of random sampling fluctuations 
for fibre-width for samples of 300 fibres is some i*5% on either side of the 
mean, i.e. if two samples, each of 300 fibres, differ in their mean values of 
fibre-width by more than 3%, the difference cannot be regarded as due 
entirely to sampling error. 

(iii) Application of Method (ii). Dispersion of values of small samples — 
Table VI gives the values of the standard deviations for sets of 100, 200, 
300, 400, and 500 tests, taken from the whole population of 3,000 tests. It 
will be noticed that as the size of the sample increases, the fluctuations among 
individual standard deviations become less and less, the ranges for 100 and 
500 tests being 147-23*3 and 16*3-22*3 respectively. The mean of the 
standard deviations gradually rises from 18*66 for 100 tests to 19*25 for 500 
tests, and so approaches the standard deviation of the whole population, viz. 
19*92, or 11*0% of the arithmetic mean. Tlie values of the standard devia- 
tions for the different sizes of subsample are as follows — 


Size of sample 

100 

200 

300 

400 

500 

Mean standard deviation (K)"* cm.) 

.. 18*66 

18*88 

19*03 

19*12 

19*25 

S.D. of S.D.’s (lO-'^cm.) 

2*36 

2*08 

1*93 

1*84 

1*68 

S D. (% of arithmetic mean) 

1*31 

1*16 

1*07 

1*02 

0*94 


Thus the standard deviation of the standard deviations decreases with in- 
crease in the size of sample, and for samples of size 300 is only 1*07% of the 
arithmetic mean. 

(iv) Application of Method (iii). Departure from fitness — The second 
1,000 test- values were divided into ten independent groups of 100 values each 
in the order of sampling; frequency-distributions were obtained for each of 
these groups using the same class-interval and the same number of class- 
intervals in each case. The ten frequency-distributions so obtained were 
then combined, class by class, in groups of 2, 3, 4, and 5 respectively by the 
moving-mean method, so as to give the ten frequency-distributions for sets 
of 200, 300, 400, and 500 tests. Table VII gives the values of total per- 
centage deviation for the frequency-distributions of these sets of tests. The 
individual values rapidly decrease with increase of size of the sample, the 
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ranges for lOO and 500 tests being 36*o-i7'6 and i4*o~8‘8 respectively. The 
mean values of d for the different sizes of subsainples are given below — 

Size of sample 100 200 300 400 500 

Mean value of 26-7 18*3 151 131 IM 

The mean value of the total deviation d is only 15*1% for samples of size 
300, which from method (i) we take to constitute a representative sample. 

According to Calvert and Summers/^ 250 hairs chosen at random from all 
parts of the bulk constitute a representative sample, when the fibre-width is 
measured in only one place, viz. near the middle of each fibre; their probable 
error of the mean for 250 fibres is 0*13/1, or 1*3 x i0“® cm. But in our experi- 
ments ten measurements of fibre-width were made at intervals along each 
fibre, giving* therefore a higher order of accuracy of the value for each fibre; 
reference to Table V shows in fact that in these circumstances the mean of 
the results for 100 fibres has nearly the same probable error, and therefore 
the same accuracy, as the mean for 250 fibres measured only once each. 

(3) Convolutions 

(i) Application of Method (i). Comparison of mean values of small and 
large samples — Table VIII gives the 30 mean values each of sets of 100, 200, 
300, 400, 500, and 600 tests, the mean values for the multiples of 100 tests 
having been obtained by combining those for the 100 tests by the moving- 
mean method. With the increase in the size of the subsample, the individual 
values of the means for each sub.sample agree more and more among them- 
selves and with the grand mean (88*9) of the whole 3,000 tests; thus the ranges 
of the means of samples of 100 and boo tests are from loS’bJ^Z'is to 
72'5 ±i* 87, and from 99'5±o*87 to 82*7 ±0*82 respectively. 

In order further to study the frequency-distribution of mean values of 
small samples, the mean values of 150 successive and independent sets of 20 
values each have been calculated. By suitably combining these means by 
the moving-mean method, we have obtained 150 mean values for sets of 100, 
200, 300, 400, 500, and 600 tests each. The results are embodied in 
Table IV— 

Table IV 

Frequency-distribution of Mean Values of Sets of 100, 200, 300, 400, 500, and 
600 Tests, obtained by the Moving-mean Method—donvolutlons (3,000 Tests) 


Mid-point 

1 

1 





of 

KM) 

200 

300 

400 

500 

600 

Class-interval 

1 

1 

1 




70 

73 

3 

4 

1 

— 

— 

— 

— 

76 

9 

9 

2 

— 

— 

— 

79 

5 

8 

9 

5 

— 

— 

82 

17 

13 

18 

21 

25 

17 

85 

23 

35 

34 

27 

24 

34 

88 

25 

17 

22 

43 

49 

51 

91 

14 

1 16 

25 

15 

18 

14 

94 

16 

; 25 

11 

15 

1 

14 

97 

13 

1 8 

15 


12 1 

13 

100 

8 

1 

14 

14 

8 1 

7 

103 

7 

3 





— 


106 

5 

2 





— 



109 

1 

— 

— 

— 


— 

Mean * 

88-86 

.88*86 

88*86 

88*94 

88-79 1 

88*82 

S.D. i 

8-4S1 

. 7131 

6*108 

5*571 

4-974 1 

4*734 

ff/V" 

3-090 

! 2*185 

1*784 1 

1*545 1 

1-380 1 

1*260 
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For each size of sample there is a great difference between the standard 
deviation S.D., calculated from the 150 means, and cr/\/n, the standard 
deviation calculated from a, the standard deviation of the whole population 
(3,000 values). The number of convolutions is strongly correlated with the 
fibre-length, and will have been subject to the same disturbing influences 
(page T25). A further possible cause of the dispersions of the means being 
much greater than would have been expected from the values of a/\/n, is that 
the number of convolutions is affected by changes in the relative humidity 
to which the fibre is subjected. 

Samples of 100 and 200 test-results give very irregular frequency-distribu- 
tions and show great variation, while samples of larger size give more nearly 
S5nnmetrical frequency-distributions. The following are the numbers of the 
(150) means of the various sizes of sample which lie within the range 
«o-5 95-5— 


Size of sample 

100 

200 

300 

400 

500 

600 

Number of samples between 80-5-95-5 — 
Actual 

95 

106 

no 

121 

130 

130 

Expected from the value of a/'\/#i 

149 

150 

150 

150 

150 

150 


These figures show that for samples of 400 and 500 fibres, 81 and 87% 
respectively of the means actually lie within the range 8o*5--95*5, i.e. within 
9% on either side of the grand mean. We therefore conclude that it is 
necessary to test at least 500 fibres in order to have even a 7 to i chance that 
the mean obtained will not differ from the mean of a very large sample by 
more than 9% on either side. 

(ii) Application of Method («). Dispersion of observation-values of small 
samples — Table IX gives the values of the standard deviations for sets of 
100, 200, 300, 400, and 500 tests. As the size of the sample is increased, the 
fluctuations among individual standard deviations become less and less — 
the ranges for 100 and 500 tests being 22-9-*34-6 and 26'9-33«3 respectively. 
The mean of the standard deviations gradually rises from 29*63 for 100 tests 
to 30-47 for 500 tests, and so approaches that of the whole population, viz. 
30*90 — or 34*8% of the arithmetic mean (88*9). The values of the standard 
deviations for the various sizes of subsample are given below — 


Size of sample 

100 

200 

300 

400 

500 

Mean standard deviation ... 

29*63 

30*04 

30*24 

30*39 

30*47 

S.I>. of S.D.'s 

2*76 

2*28 

2*09 

2*03 

1*84 

S.D. (% of arithmetic mean) 

3*11 

2*57 

2*36 

2*28 

2*07 


Thus the standard deviation of the standard deviations decreases with the 
increase in the size of the sample, and for samples of size 500 it is 2-07% of the 
arithmetic mean. 

(iii) Application of Method (Hi), Departure from fitness — The 3,000 values • 
for the total number of convolutions per fibre were divided into 30 successive 
and independent groups of 100 each, and the frequency-distribution obtained 
for each of the 30 groups. The 30 frequency-distributions so obtained were 
then combined, class by class, in groups of 2, 3, 4, and 5 respectively, by the 
moving-mean method, so as to give 30 frequency-distributions each for sets 
of 200, 300, 400, and 500 tests. The theoretical percentage frequency- 
distribution was calculated from the normal curve fitted to the 3,000 observa- 
tions. Table X gives the values of percentage deviation from fitness (d) 
for the frequency-distributions of the sets of 100, 200, 300, 400, and 500 tests. 
The mean values of are comparatively large, and though the value of d 
decreases with increase in size of the sample, yet the fall in its value is not so 
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rapid as for other fibre-properties because the theoretical normal curve used 
as the standard of comparison is not a good fit to the observations. The mean 
values of d for the various sizes of subsamples are as follows — 

Size of sample 100 200 300 400 500 

Mean value of I? 32*4 27-0 24-0 22-7 21*7 


Thus the total deviation is as much as 217% even for a sample of 500 
fibres, 

(4) Fibre-Strength 

(i) Skew distributions — Before proceeding to determine the minimum size 
of a satisfactory sample, we may point out that fibre-strength differs greatly 
from any of the three properties previously considered in that, as shown in 
Part II, the dominant feature of its frequency-distribution is its decided 
skewness, arising from an excessive number of weak fibres in the sample; we 
will therefore first consider some of the consequences of this skewness. We 
found that the frequency-distribution of the 3,000 test-results of Surat 1027 
A.L.F. was best fitted by Pearson's T5q)e 1 . Unfortunately, tables are not 
available to show what fraction of the area of a curve of Type I is included 
between any given strength-limits, and we cannot therefore compare the odds 
indicated by the theoretical curve for any particular range of results with 
those actually obtained in the analysis of the 3,000 test-results. But although 
a curve of Type I gives the best “fit," yet the values of and /?2 also satisfy 
fairly accurately the conditions of a skew curve of Type III, for which ex- 
tended tables of the probability-integral are available.^- 

The closeness of fit of the Type I, Type III, and normal curves will be 
apparent from Table V, which shows the percentage frequencies for each class- 
interval; the values for the normal curve have been calculated on the assump- 
tion that it has the same mean and standard deviation as found experiment- 
ally. 

Table V 

Percentage Frequency- distribution of the Fibre- strength of Surat 1027 A.LJP, 


Strength 

Observed 

Type I 

Type III 

Normal 

0- 0*9 

3-9 1 

3-7 i 

' 6-2 

(IM) 

10- 1-9 

18-3 

17-7 

15-5 

10-0 

2 0- 2*9 

18-4 , 

19-9 

19-3 

140 

3-0- 3-9 

170 ' 

17-4 

18-4 

16-5 

4-0- 4*9 

14-1 1 

13-6 

13-5 

16-3 

5-0- 5-9 

10-4 

9-9 

10-1 

140 

6*0- 6-9 

6-6 

6-8 

6-7 

8-7 

7-0- 7*9 

50 

4-4 

4-2 

5-3 

8-0- 8-9 

2-5 

2-8 

2-6 

2-6 

90- 9-9 

1-6 

1-7 

1-4 

1-1 

100-10-9 

1-0 

1-0 

0-9 

0-4 

11*0-11-9 

0-8 

0-6 

0-5 


12-0-12-9 

0-2 

0-3 

0-3 

1 

0-0 

13-0-13-9 

0-1 

0-2 

0-2 


14-0-14-9 

0-1 

0-1 

0-1 


150-15-9 

00 , 

00 

00 

— 


On comparing the values in Table V it is at once evident that Type I 
gives very good and Type III fairly good agreement with the observed distri- 
bution, while the normal distribution differs greatly from Jhe observed, 
especiallj* for low and high values of strength. As Type I gives the better 
agreement, its percentage-distribution has been taken to represent the 
constitution of Surat cotton in the comparison with the percentage-distribu- 
tion of subsamples according to method (iii). 
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But for calculating the odds, we may use the tables of probability-integral 
applicable to Type III, and thus obtain Table VI, showing the theoretical 
diance of obtaining a prescribed deviation for any individual value of 
fibre-strength. 

Table VI 

Caiance of obtaining certain Deviatlone In Individual Values of Fibre- strength. 
Cotton — Surat 1027 A.L.P. Mean of 3,000 Tests~3*91 grams 


Odds against the occurrence of a 


1 

1 

1 

Strength 

(grams) 

Strength in 
terms of 
mean value 

Fraction of 
total area 
bounded by 

1 the ordinate 
through the 
' corresponding 

1 value in 

Column 1 

1 

deviation equal to or greater than 
that in Column 3 

By normal curve 
with the same 
By Type III mean value and 

the same standard 
deviation 

0*5 1 

•128 

1 -01895 

51-8 to 1 ! 

12-5 

to 1 

10 1 

•258 

•06218 

15-1 to 1 ! 

8-2 

to 1 

1-5 ' 

•384 

•13034 

6-7 to 1 

5-5 

to 1 

2*0 

•511 

•21711 

3-6 tol ! 

3-8 

to 1 

2-5 

•639 

-31271 

2 2 to 1 

2-6 

to 1 

30 

•766 

1 -40983 

1-14 to 1 

1-9 

to 1 

3-5 1 

•893 

•49715 

1-02 to 1 

1-3 

to 1 

4-0 

1021 

1 -40653 

1-46 to 1 

1 06 to 1 

4-5 j 

M49 

•32605 

2-1 to 1 

1-5 

to 1 

50 

1-276 

1 -27107 

2-7 to 1 

2-1 

to 1 

5-5 ' 

1-404 

1 -21654 

3-6 to 1 

3-0 

to 1 

6-0 

1-531 

•17055 

4-9 to 1 

4-5 

to 1 

65 ' 

1-659 

•13297 

6 5 to 1 

6-5 

to 1 

7-0 1 

1-786 

-10345 

8-7 to 1 

12-0 

to 1 

7*5 1 

1-914 

' -08065 

11-4 to 1 

14-7 

to 1 

8-0 ' 

2-041 

•06152 

15-3 to 1 

23-2 

to 1 

8-5 

2-169 

•04675 

20-4 to 1 

37-7 

to 1 

90 

2-296 

1 -03428 

28-2 tol 

63-9 

to 1 

9-5 

2-424 

1 -02664 

36-6 to 1 

112-0 

to 1 

10*0 

2-551 

•02005 

49-0 tol 

203-2 

to 1 

10-5 

2-679 

1 -01500 

65-7 to 1 

375-6 

to 1 

11-0 

1 2-806 

•01121 

88-2 to 1 

742-9 

to 1 

11*5 

2-934 

1 -00858 

112-9 tol 

1546-0 

to 1 

120 

3-062 

•00615 

161-6 to 1 

3313-0 

to 1 

12-5 

3-190 

•00455 

218-8 to 1 

7721 0 

to 1 

130 

3-317 

' -00336 ! 

296-6 to 1 

13375-0 

to 1 

13-5 

3-445 

, -00244 1 

408-8 to 1 

4200 5 

to 1 

14*0 

3-573 

' -00179 

1 557-7 to 1 

107525-0 

to 1 

14-5 

3-701 

1 -00131 

762-3 tol 

277777-0 

to 1 

150 

3-830 

•00096 

1041-0 tol 

381730-0 

to 1 

160 

4-086 

•00050 

1999-0 to 1 

6502x10* tol 

17-0 

4-340 

-00027 

3703-0 to 1 

699x10 

*to 1 

18-0 

4-720 

•00014 1 

1 7142-0 to 1 

83xl0»tol 


The first column gives the values of strength in grams, in class-intervals 
of half a gram. Column 2 gives the values of the strength relative to the 
mean, obtained by dividing the corresponding values of fibre-strength iu 
column I by 3-91, the arithmetic mean of the whole 3,000 test-results. The 
ordmate through a particular value of strength given in column i divides the 
total area, assumed to be unity, into two parts, one of which is less than half 
and the other greater; the value of the fraction less than half is shown in 
column 3. 

From these figures the percentage constitution of the sample can be easily 
calculated by subtracting consecutive values and multiplying the result by 
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100. In this way we obtained the theoretical percentage frequency-distribu- 
tion of fibre-strength given in Table V. As an illustration, we will calculate 
the percentage number of fibres having strengths from 3 to 4 grams, and from 

4 to 5 grams, i.e. i gram below and above the mean, taken roughly at 4 grams. 
ITie fractions of the total area of the curve below 3 grams, above 4, and above 

5 grams respectively, arc — 

•40983, -40653, and -27107. 

Subtracting -27107 from -40653, we obtain 0-13546, which shows that 13-55 
of the fibres have strengths between 4 and 5 grams. The median lies between 
3 and 4 grams, so that in order to obtain the percentage of fibres between 
3 and 4 grams, we have to subtract each of the values -40983 and *40653 from 
•50000, and then add the results. We thus obtain the figure -18364, so that 
18*36% of the fibres have strengths between 3 and 4 grams, as compared with 
13*55% between 4 and 3 grams. 

In column 4 are given the values of odds against the occurrence of corres- 
ponding values of fibre-strength given in columns i or 2. It provides us with 
a useful index for the rejection of outlying observations. For example, the 
odds against the occurrence of 18 grams or more are 7,142 to i, i.e. we should 
expect only one fibre in every 7,000 to have a strength of 18 grams or more. 
Hence if in testing 1,000 fibres we get one or more fibres having a strength of 
18 grams or more, these values may be rejected. It may be noted that we 
cannot use Chauvenet’s criterion or the more recent criterion given by Irwin^* 
for this purpose as these criteria are applicable only in the case of a normal 
distribution. 

For the sake of comparison we have given in the last column what the odds 
against the occurrence of each value of fibre-strength would be if the 
frequency-distribution were normal, with the same mean value and standard 
deviation; these figures differ very widely from those given by the skew distri- 
bution. For example, the “normal'* odds against the occurrence of fibre- 
strength of 12-5 grams or more, are 7,721 to i, i.e. wc should expect only one 
fibre in about 8,000 to have this or a greater strength; on the other hand, the 
“T3q)e III** odds against the occurrence of a fibre-strength of 12-5 grams or 
more, are 218-8 to i, i.e. we should expect one fibre in about 220 to have this 
or a greater strength — or out of 3,000 fibres about 14 fibres should have a 
strength over 12 grams. Experimentally we found 15 fibres having a strength 
over 12 grams, which is in accord with the conclusions drawn from the skew 
curve. Again, guided by the normal distribution, we should reject all 
observations over 12 grams as doubtful; the “normal** odds against a fibre 
having a strength of 15 grams or more, are 381,730 to i, so that we should 
not expect a single fibre out of 3,000 to have such a high strength, but 
experimentally we did get one such fibre, and this is within the expectation 
from the skew curve, as the odds against its occurrence in this case are only 
1,999 to I. These agreements with the deductions from the skew distribution 
are of course only to be expected, because the odds which we have applied 
are those of a pariicular skew curve which gives quite a good fit to the 
observed frequency-distribution. ^ 

It may further be noted that the rule that three times the standard 
deviation on either side of the mean includes practically all the deviations, 
holds good only in the case of the normal curve. In the case of the skew 
curve, while the range of three times the standard deviation may extend 
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beyond the limits of the actual distribution on the dwarf side of the mean, 
yet on the giant side the same range may be insufficient to include all the 
deviations. Taking the present example of fibre-strength, we find that the 
weakest fibre has a strength of o*i gram, which corresponds to a deviation 
from the mean of about i*6 times the standard deviation or about half the 
usual range; the maximum strength is 15 grams, which corresponds to a 
deviation of about 4*6 times the standard deviation, or about one and a half 
times the usual range for the normal curve. Thus although the total range 
is again about six times the standard deviation, the curve is unduly elongated 
on the positive side and contracted on the negative side. 

Another point worthy of note is that although the original distribution is 
very skew, yet the distributions of the means of samples become less and less 
skew as the size of sample is increased. Thus Table VII gives the frequency- 
constants of the frequency-distributions of various subsamples given in Table 
VIII. The variability, as given by the standard deviation, rapidly decreases 
as the size of the sample is increased — ^the value for 500 being about a quarter 
that for 100; and for 600, about one-third that for 200 tests. 


Table VII 

Frequency-constants of Frequency-distributions of mean-values of 
Subsamples, obtained by the Moving- mean Method 


bize 

of 

SiUnplo 

Numbc'i 

of 

Samples 

Mean 

grams 

1 

Median 

grams 

Mode 

! Standard 
deviation | 

1 (grams) 

Skewness 

1 

3 000 

3-91 1 

3*50 

2*255 

1 2*357 

•7020 

100 

3,000 

3*916 

3 843 

3*761 

1 0*5118 

•3028 

200 

3.000 

3-913 

3*896 

3*866 

0*3363 

•1417 

300 

3.000 

1 3 914 

3*901 

3*871 

0*2314 

•1869 

400 

3,000 

1 3*908 1 

3*904 

3 901 

' 0*1686 , 

•0410 

500 

3.000 

1 3-914 1 

3*911 

3*911 

1 0*1369 ’ 

•0209 

600 

1 

3.000 

3*906 

3*908 

3 904 

1 0*1234 

•0204 


The rate of change of variability becomes very slow at 500 tests. As is 
to be expected, therefore, the values of skewness likewise continually decrease 
with increase in the size of the sample, and are so small for samples of size 
500 and 600 fibres as to indicate that the distributions arc symmetrical and 
nearly normal. 

We now proceed with our problem of finding the size of a representative 
sample — 

(ii) Application of Method {%), Comparison of mean values of subsamples 
with the mean value of a large sample — Mean vducs were calculated for 30 
successive and independent samples of 100 fibres each. These 30 mean values 
were then combined by the moving-mean method so as to give 30 mean values 
each for sets of 200, 300, 400, 500, and 600 tests. The results are given in 
Table XI, from which it will be seen that as the size of the subsample is 
increased, the mean values cluster more and more round the mean (3'9x) of 
the whole 3,000 tests. The ranges for samples of 100 and 600 are 3*04- 4-92 
and 3*63-4‘I9 grams respectively. 

In order to study the distribution of mean values, 3,000 mean values for 
each size of subsample were obtained by the moving-mean method. The 
results are given in Tables VII, VIII, and IX. 
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Table VllI 


Frequancy-dletfibutloiia af Mean Values of Sub-eamplee obtained by tibe 
Mo¥ing-mean Method (3,000 Values) 


Group 

(grams) 


Samples of 



300 


m 

600 

2*65-2-75 

2-7 

18 



1 



2-75-2-85 

2-8 

25 







— 

— 

2-85-2-95 

2*9 

12 

6 









2-95-3-05 

3-0 

38 

12 









3-05-3-15 

3-1 

57 

10 



— 

— 

— 

3-15-3*25 

3-2 

61 

41 





— 



3-25-3-35 

3-3 

104 

39 



— 

— 

— 

3-35-3-45 

3-4 

104 

86 

16 

10 

— 

— 

3-45-3-55 

3*5 

141 

166 

166 

82 

— 



3-55-3-65 

3-6 

269 

274 

214 

116 

124 

61 

3*65-3-75 

3-7 

385 

261 

260 

166 

221 

248 

3-75-3-85 

3-8 

320 

380 

509 

662 

483 

702 

3*85-3-95 

3-9 

245 

493 

651 

855 

1100 

834 

3-95-405 

4-0 

224 

337 

372 

637 

624 

875 

4*05-4-15 

4-1 

241 

237 

460 

247 

281 

165 

4-15-4-25 

4-2 

155 

228 

104 

93 

139 

113 

4-25-4*35 

4-3 

115 

190 

90 

100 

28 

2 

4-35-4*45 

4-4 

91 

75 

83 

32 





4-45-4-55 

4-5 

76 

32 

57 







4-55-4-65 

4-6 

62 

28 

18 







4*65-4*75 

4-7 

41 

1 16 



’ 





4-75-4-85 

4-8 

54 

55 



__ 1 




4-85-4*95 

4*9 

44 

34 








4*95-5-05 

5-0 

27 











5-05-515 

5-1 

8 










5-15-5-25 

5-2 

19 i 



1 







5-25-5-35 

5-3 

14 









5-35-5*45 

5-4 

9 











5-45-5-55 

5-5 

8 











5-55-5-65 

5-6 

10 

' 









5-65-5-75 

5-7 

11 











5-75-5-85 

5-8 

11 











5-85-5-95 

5-9 

1 

1 

— 

- 1 

— 

— 


Table VIII gives the frequency-distributions of mean values for sets of 
100, 200, 300, 400, 500, and 600, Samples of sizes 100 and 200 have very 
irregular distribution and great variation, so that these cannot be considered 
satisfactory samples. Samples of sizes 400, 500, and 600 respectively, give 
very nearly S3anmetrical distributions. The mean of the whole 3,000 tests 
lies in the group 3 ’ 85 “ 3 ’ 95 » The following are the numbers per 3,000 of the 
means for the various sizes of sample lying within the region 375“4*05 — 


Size of sample 

Number of means between 3-75-4-05 — 

100 

200 

300 

400 

500 

600 

Actual 

789 

1,210 

1,532 

2,154 

2,207 

2,411 

Expected from the value of o/\/n 

1,425 

1,902 

2,190 

2,390 

2,530 

2,643 


The great advantage of making 400 or more tests instead of 100 or 200 
is at once apparent. Of the samples of size 500, some 74% have means which 
do not differ from the grand mean by more than 4% on cither side, whereas, 
of the samples of size 100, the means of only 27% do not differ from the grand 
mean by more than 4% on either side. Thus the odds are 3 to i that ^hef 
mean strength of any random sample of 500 fibres will not differ from the true 
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value by more than 4% on either side; the corresponding odds for a random 
sample of 600 fibres are 4 to i, whereas for a sample of 100 fibres the corres- 
ponding odds are about 3 to i that its mean strength value will differ by so 
much from the true mean. 

In view of the intrinsic interest of the skew-distribution of fibre-strength, 
we will examine somewhat more closely the range of odds applicable under 
different conditions to the various sizes of sample. 

From what has already been said, it is evident that neither 100 nor 200 
fibres can be regarded as a representative sample; we will therefore confine 
our attention to samples of size 300, 400, 500, and 600, remembering that the 
adequate size of the sample depends upon the accuracy we desire. Table IX 
has been drawn up to show the chance of obtaining any given deviation from 
the mean values for sets of 300, 400, 500, and 600. 

For samples of size 300 the values of the fraction of total area which is 
bounded by the ordinate through the corresponding values given in column 
3, have been calculated from the skew probability-integral by the help of 
Pearson's ‘Tables of Incomplete /’-Functions"; for the samples of other sizes 
the 'Tables of Normal Probability Integral"^^ have been used. It may be 
noted that the percentage deviation from the mean is readily obtained from 
the strength expressed as a fraction of the mean (col. 2), by subtracting the 
latter from unity and multiplying by 100. 

For sizes of samples 500 and 600, the odds are very great against the 
occurrence of a mean value 4*45 grams or more, as will be seen from the 
following extract from Table IX — 

Odds against ficcurrence of mean 
Size of sample value of 4-5 grams or moie 

300 57-8 lo 1 

400 1,470 to 1 

500 24,999 to 1 

600 99,999 to 1 

Hence, if we had large populations of means of 300, 400, 500, and boo respec- 
tively we should expect i in 59 of the means of 300 tests to be as large as 4-5 
grams; only i in 1,471 of the means of 400 tests; i in 25,000 of the means of 
500 tests; and i in 100,000 of the means of Ooo tests. Hence the mean value 
4*5 grams marks the upper limit of sampling fluctuation for the means of 
samples of size 500 and 600, but not for the means of samples of size 300. 

Tlie following values are obtained from Table IX for the values of odds 
against the occurrence of a value 3-45 grams or less. 

Odds against occurrence of mean 
Size of sample value of 3-45 or loss 

300 80 to 1 

400 314 to 1 

500 2,560 to 1 

600 9,999 to 1 

Here again it is evident that the mean value 3-5 grams marks the lower limit 
of sampling fluctuation for the means of samples of size 500 and 600 but not 
for the means of samples of size 300. 

At the bottom of Table IX are given the values of odds for mean values 
l5dng beyond the limits given by the ranges 375-4‘05» 3‘65~4*I5» 3*55-4*25, 
and 3*45 -4-35; these ranges correspond to extreme deviations of 8%, 13%, 
18%, and 23% respectively, or to deviations of 4%, 6*5%, 9%, and ii*5% 
on either side of the true mean. 
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Fig. 2 — Theoretical frequency-distribution of mean values of fibre-strength 
for Surat 1027 A.L.F. 

If we regard odds of 19 to i as sufficiently accurate to mark the limits of 
differentiation, we obtain the following ranges for various subsamples — 

Size of sample ... ... ... ... 300 400 500 600 

Limits of range 3-45-4-35 3-57-4-23 3*63-4 17 3-66-4-14 

Extent of range (gram) 0*90 0*66 0*54 0*48 

Extent (% of arithmetic mean) ... 23*0 16*9 13*8 12*3 

The ranges of the means of samples of different size may be seen from 
Figs, z and 2 . 


PERCCNTASE . 
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Fig. I shows the frequency-distribution of means of samples of size 300, 
400, 500, and 600 respectively, while Fig. 2 shows the theoretical frequency- 
distributions of the same samples. Each curve represents the distribution of 
3,000 mean values obtained by the moving-mean method. Along the top 
line are given the values of “strength index" obtained by dividing the corres- 
ponding values of strength shown along the x-axis, by 3*91 grams (the mean 
of the whole 3,000 tests). From Figs, i and 2 it will be seen that nearly all 
the means of samples of sizes 500 and 600 are included within the range of 
strength index o-92-i*o8, a total range of 15%, or 7^% on either side of the 
grand mean; hence 500 fibres constitute a satisfactory representative sample 
to this degree of accuracy. For 400 tests the corresponding total range is 
17%. We can make use of these results to test whether a difference between 
two mean values is likely to be due to sampling or to some other cause. Thus, 
in “Technological Reports on Standard Indian Cottons," 1928,"^® a table is 
given which includes the following figures for the percentage changes in fibre- 
strength in 1927-28 as compared with 1926-27 — 


Cotton 

P. A. 4F 

P. A. 285F 

P. A. 289F 
Mollisoni 





Fibre-strength 

8 

11 

11 

5 

* Wagad 4 

Wagad 8 





43 

-34 


The determinations of fibre-strength were made on 600 fibres of each 
sample (300 by each of two methods). Both the Wagad cottons have given 
much lower fibre-strengths in 1927-28, and the differences, 43% and 34%, 
are very much greater than the 15% regarded as the extreme limit which may 
be ascribed to the possible sampling error. We therefore conclude that both 
the Wagad cottons were really stronger in 1926-27 than in 1927-28. The 
differences for all the Punjab cottons fall within the limits of the possible 
sampling error, so that if each result were taken alone it would have to be 
regarded as possibly due to sampling fluctuations only. 

(iii) Application of Method (it). Dispersion of values of smaU samples — 
Table XII gives the values of the standard deviations for 30 sets each of 100, 
200, 300, 400, 500, and 600 tests. The variation in the standard deviations 
for various subsamples decreases with increase in the size of the subsample; 
the ranges for 100 and 600 tests respectively are i‘330-3'00i and 2*093-2*659; 
the mean of the standard deviations gradually increases from 2*287 for 100 
tests to 2*344 600 tests, and so approaches the standard deviation of the 

whole population, viz. 2*357, or 60*4% of the arithmetic mean. The values 
of the standard deviations for the different sizes of sample are as follows — 


Size of sample 

100 

200 

300 

400 

500 

BOO 

Mean standard deviation (gram) 

2-287 

2-317 

2-332 

2-337 

2-343 

2-344 

S.D. of S.D/s (gram) 

0-322 

0*256 

0*218 

0-186 

0-163 

0-151 

S.D. (% of arithmetic mean) ... 

8-24 

6-54 

5-59 

4-75 

4-18 

3-85 


It will be seen that the standard deviation of the standard deviations 
rapidly decreases with increase in the size of the sample, and for samples of 
size 500 is only 4*18% of the arithmetic mean. 

(iv) Application of Method (iii). Departure from fitness — The 3,000 values 
for fibre-strength were divided into 30 successive and independent groups of 
100 each, and the frequency-distribution obtained for each group, using ii 
class-intervals each of i gram, except that strength-values of 10*95 grams or 
more were included in one class-interval. The 30 frequency-distributions 
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SO obtained were then combined class by class, in groups 2, 3, 4, 5, and 6 
resj^ctively, by the moving-mean method, so as to give 30 frequency-distri- 
butions each for sets of 200, 300, 400, 500, and 600 tests. The different 
values of A and for d for the frequency-distributions of these samples are 
given in Tables XIII and XIV respectively. 

From Tables XIII and XIV it will be seen that as the number of tests is 
increased, not only do the individual values of A and d rapidly decrease, but 
the variation among the different values of A and d respectively for each sub- 
sample also decreases. These facts are also clear from Fig. 3, in which the 
frequency-distributions of A are given for different sizes of sample. The 



ranges of A for samples of 100 and 600 are 6*985-2-365 and 2-032-O'698 
respectively. The following table shows the .mean values of A and d for 
different sizes of subsamples — 


Size of sample 

100 

200 

300 

400 

500 

600 

Mean value of J ... 

4061 

2*838 

2-329 

1-896 1-610 

1-472 

Maximum value oi d 10/1) ... 

40*6 

28*4 

23-3 

19-0 

16-1 

14-7 

Actual value oi d 

. 320 

22-9 

18-7 

15-3 

13-2 

11-8 


It will be observed that the actual value of d for any size of subsample is 
always less than that deduced from the value of A, Henc-e for samples of 
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size 500 the mean departure of fitness is only i*6i, and the mean (actual) 
deviation is only 13*2 per cent. 

(5) Fibre-rigidity 

Application of Method (t). Comparison of mean values of small and large 
samples — Table XV gives the 30 mean values each of sets of 100, 200, 300, 
400, 500, 600, and 700 tests, the mean values for the multiples of 100 tests 
having been obtained by combining those for the sets of 100 tests by the 
moving-mean method. On examining column 2 we find that there is great 
variation among individual values, especially in the second 1,000 tests, i.c. 
in the region X~XX. This is due to the distribution of fibre-rigidity being 
extremely asymmetrical (J-shaped), and causing the mean value to be very 
sensitive to changes in individual values, for the inclusion of a few extremely 
high values may raise the mean value of a set of 100 by as much as 50%. 
Thus, Group XVII contains 12 fibres having individual values of fibre-rigidity 
10 X I0“* dyne-cm.* and upwards. If these fibres are excluded, the mean is 
reduced from 3'66 to 2*27. On the other hand, some fibres tend to lower the 
mean value considerably; Group XIII contains no less than 33 fibres having 
values of fibre-rigidity o-i x I0“* dyne-cm.* or less; if these fibres are excluded, 
the mean value is raised by 50% — from i*io to 1-63. For these reasons the 
arithmetic mean, in the case of fibre-rigidity, cannot be regarded as a satis- 
factory single-valued representative of all the individual values of a .sample. 
In spite of all the variations, however, we find that as the size of the sample 
is increased the mean values agree more and more among themselves — the 
ranges for 100 and 600 tests being 3*86-i’io, and 3*39 respectively. 

Table X gives the frequency-distributions of 400 mean values for samples 
of sizes 300, 400, 500, and 600, obtained by the moving-mean method from 
the means of 10 test- values each — 

Table X 

Frequency-distributions of Mean Values of Sets of 300, 400, 500, and 600, 
obtained by the Moving-mean Method (Fibre- rigidity 4,000 Tests) 


Fibrt*-rigj(1itv 10"* 

300 1 

400 ' 

500 1 

60f) 

1*20 

1 

' 1 

1 

1 

1*30 

8 

1 

— 


1-40 

7 

6 



1*50 

7 

7 

8 


1>60 

7 

14 1 

1 13 

12 

1-70 

15 

10 1 

14 

18 

1*80 

11 

2 1 

1 4 

5 

1*90 

10 

10 

' 4 

6 

2>00 

^2 , 

11 1 

1 9 

9 

2*10 

20 I 

22 

29 

29 

2*20 

40 I 

60 

56 

61 

2*30 

36 1 

32 

i 25 

36 

2*40 

31 

29 

32 

24 

2*50 

21 1 

37 

66 

58 

2*60 

19 

18 

24 

32 

2-70 

39 

25 

15 

4 

2-80 

20 

36 

5 

9 

2*90 

24 1 

4 

17 

14 

3*00 

6 1 

10 

9 

47 

3*10 

12 1 

19 

48 

11 

3*20 

1 

33 

, 8 

12 

3*30 

20 

6 

3 

4 

3*40 

16 

8 1 

1 11 


3*50 

4 1 


1 


3*60 

1 
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In all cases the distributions of mean values arc very irregular. The 
numbers of groups having values within the range i-95~3'i5 are shown below 
for different sizes of sample — 

Size of sample 300 400 500 600 

Number of values lyinK between 1*95 3-15 — 

'Vctual 280 303 335 344 

Percentage 70 76 84 86 

The range 1*95-3*15 corresponds to 48% of the grand mean, so 'that even 
for a sample of size 500 the odds are only 5 to i that its mean value will lie 
within a range equal to 48% of the mean value. 

We will now consider the distribution of mean values of samples of various 
size taken from the four series of 1,000 tests each. 

The results for the first 1,000 fibres were first combined by the moving- 
mean method so as to give 1,000 mean values each for sets of 100, 200, 300, 
400, and 500 tests. Next, the original 1,000 test values were divided into 
100 successive and independent sets of 10 values each, and the 100 means 
obtained; these 100 means were then combined by the moving-mean method 
.so as to give 100 mean values each for sets of 100, 200, 300, 400, and 500 tests. 
On comparing the frequency-distribution of the 1,000 means obtained from 
the original values for each size of sample with those of the 100 means for 
the same size of sample obtained after grouping the original values into sets 
of 10, it was found that the differences were very small indeed. Consequently 
in the case ol the second, third, and fourth i.ooo test-values, the frequency- 
distributions have only been found for 100 means for each size of sample, 
obtained after grouping the original values into sets of 10. Table XI shows, 
for the separate sets of 1,000 tests, the frequency-distributions of the mean 
values for different sizes of sample — 

Table XI 

Frequency- distribution of Mean Values ol Fibre- rigidity for Samples obtained 
by the Moving-mean Method from Ist, 2nd, 3rd, and 4th 1 ,00 0 Tests 


Fibre- 



First 



1 Second 


1 

1.000 Tests 


1.000 Tests 

ngidity 10”® 
liynes cm* 

100 

200 

300 

400 

500 

, 3(K) 

400 

S(M> 1 

1'20 











1 



— 1 

i-30 


— 


— 

— 

' 7 

— 

1 

1-40 

— 

— 

- 

- - 

— 

4 

1 

— 

1*50 

— 

- 




6 

8 

12 1 

1*60 

4 

— 

— 


1 — 

13 

18 

15 1 

1-70 

70 

1 

1 

1 — 

— 

17 

25 

10 1 

1*80 

1 98 

27 

— 


— 

7 

2 


1-90 

1 135 

124 

22 

— 

— 

8 

3 

4 , 

2-00 

, 106 

91 

206 

88 

1 ^ 

4' 

2 

2 

2*10 1 

1 92 

265 

238 

258 

1391 

1 

1 

3 

2*20 

1 96i 

1 169 

268 

546 

529 1 

2 

3 

7 ' 

2-30 

1 115 

180 

206 

108 

! 75 1 

3 

9 

” 1 

2-40 

73 

131 

60 

— 

— 

1 

7 


2-50 

85 

13 

— 

— 

— 

1 

5 

17 1 

2-60 

70 

— 

— 

— 

— 

2 

1 

— 

2-70 

19 

— 

— 

— 

— 

6 

4 

— 

2'80 

22 

— 

— 

— 

- 

7 

10 

— 

2*90 

12 

— 

— 

— 

— 

2 

1 

— 

3*00 

3 

— 

— 

— 

— 

2 

— 

- 

310 

— 

— 

— 

— 

— 

2 

— 

— 

3*20 



I — 

— 

1 

— 

4 

— 

1 

3*30 

— 

— 

— 


— 

— 

— 

— 

3'40 

— 

I 

— 

— 

— 

— 

1 

— 

3*50 

3*60 

3-70 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 
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First 1,000 Tests — ^The results are more regular for the first sets of z,ooo 
tests than for any of the other three sets. The samples of size lOO show great 
variation; but samples of size 200 or more are comparatively s}munetrical 
and concentrated round the mean. Out of the total number of 1,000 means, 
the numbers of means for different sizes of sample lying between certain 
limits are as follows — 


Size of sample 

... ... ... 

100 

200 

300 

400 

500 

Number of means between 2 ‘ 05 ~ 2*25 ... 

188 

434 

506 

804 

920 

1# >9 

. 1 • 95 - 2-35 ... 

409 

705 

918 

1.000 

1,000 


These figures show that for samples consisting of 400 and 500 fibres, the 
odds are 4*5 and 11-5 to i respectively that the means will not differ from the 
grand mean by more than about 5% on either side; for samples of 300, the 
odds are 11*5 to r that the mean will not differ by more than 9% on either side. 

Second, third, and fourth 1,000 Tests — In the case of the second and third 

1,000 tests, the distributions arc very irregular for all sizes of sample, but in 
the fourth 1,000 tests, samples of 400 and 500 tests have given comparatively 
regular and symmetrical distributions. The numbers of groups lying within 
certain limits arc as follows — 





Size of Sample 


Set of lests 

Range 

300 

1 

500 



Number of means within range of Column 2 

Second 1.000 ... 

1 • 45 - 2*55 

63 

1 83 i 

100 

Third 1.000 .. 

2-85 3 45 

61 

1 79 i 

100 

I ouith 1,000 .. 

2-35 2-75 

82 

1 91 j 

1 * 

100 

« 

, 





In the case of the second 1,000 tests, the frequency-distributions of sizes 
400 and 500 are actually U-shaped; as a result of the irregularity of these 
distributions only 63 and 83% respectively of samples of size 300 and 400 lie 
within 25% on either side of the grand mean. The irregularity of the third 

1,000 tests is less marked than that of the second 1,000, and 61 and 79% 
respectively of its samples of size 300 and 400 lie within 10% on either side 
of the grand mean. The irregularity is still less in the case of the fourth 

1,000 tests for which 82 and 91% respectively of samples of size 300 and 400 
lie within 8% on either side of the grand mean. 

The very conflicting results obtained for each separate set of 1,000 test- 
values serve to show that we cannot rely upon the result for any particular 
set of 1,000; and we must accordingly fall back upon the result already 
obtained for the whole 4,000 tests (page T42), recognising that owing to the 
extreme irregularity of the second and third 1,000 tests this result probably 
exaggerates the number of tests necessary in any given case. 

(ii) Application of Method (Hi). Departure from fitness — ^The 4,000 test- 
values for fibre-rigidity were divided into 40 successive and independent 
groups of 100 each, and the frequency-distribution obtained for each group, 
using the same class-interval (-004 dyne-cm.*) and the same number of 
intervals (12) throughout; all the values above *0475 dyne-cm.® were included 
in one class-interval.* The 40 frequency-distributions so obtained were then 
combined, class by class, by the moving-mean method so as to give 40 
frequency-distributions each for sets of 200, 300, 400, 500, and 600 tests 
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respectively. The theoretical percentage frequency-distribution was calculated 
from T3q)e Ij curve fitted to the observations. Table XVI gives the values 
of percentage deviation from fitness, d, for the frequency’-^tributions of 
samples of size loo, 200, 300, 400, 500, and 600. The individual values for 
each sample rapidly decrease with increase in the size of sample, the ranges 
for sets of 100 and 600 being 83'0--i9*8 and 35*9-9*0 respectively. The mean 
value of d for the different subsamples are given below — 

Size of sample 100 200 300 400 500 600 

Mean value oi d 37*8 30*4 26-0 22*6 20*3 18*8 

With the increase in the size of the sample, the mean value of d rapidly 
decreases, and for samples of size 500 is 20*3 per cent. 

IV— CONCLUSIONS 

(1) Although the method of sampling adopted must usually be decided 
from certain general considerations, we have been able to show that the 
method of selecting individual fibres from a carefully-prepared sliver in which 
the fibres have been thoroughly mixed, shows a bias in favour of the selection 
of the longer fibres, and is therefore inferior to the method of selecting small 
bunches of fibres from different parts of the sliver, and testing every fibre in 
each bunch so selected. 

(2) The mean value (i.e*. the arithmetic mean) is usually satisfa,ctory as a 
single value representing all the test-values obtained for a sample, but in the 
case of fibre-rigidity, for which the distribution is extremely asymmetrical, 
caution must be exercised in the use of the mean value as it is greatly affected 
by high individual values which are sometimes ten times as large as the 
arithmetic mean. 

(3) In the case of fibre-length, fibre-width, and convolutions, which give 
nearly symmetrical frequency-distributions, the mean value and the probable 
error of a single observation are quite sufficient to indicate the composition of 
a sample. But in the case of fibre-strength, and more particularly in the case 
of fibre-rigidity, it is desirable to indicate the composition of a sample by 
means of the upper and lower quartiles, in addition to the mean value. 

(4) The degree of reliability of small samples is indicated in the following 
table which shows the total range, expressed as a percentage of the mean, for 
which the odds are as indicated that the mean of a random sample of the given 
size will lie therein — 

Ran^e (% of mean) for which the Odds are shown that the Mean of 
a Random Sample will lie therein 


1 

Fibre-property ^ 

1 

Odds 

1 

1 

I 

200 

300 

Size of Sample 

400 

500 

1 

600 

Fibre-length ...1 

20 1 1 

18 

1 ~ 6 

13 

11 i 

9 

Fibre-width 

20 1 

4 

21 

2 



Convolutions ,. 

20 1 

30 

24 

20 

19 

18 

Fibre-strength . ., 

20 1 1 

40 

23 

17 

15 

13 

Fibre-rigidity ...• 

5 1 ' 

— 

60 

55 

48 

44 


Thus from col. 3, we see that the odds are 20:1 that the mean of a random 
sample of 200 fibres will lie within a range of 4% of the mean value of the 

H 
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fibre«width; this range is equivalent to 2% on either side of the mean, seeing 
that the distribution of values of fibre-width is symmetrical. 

(5) In the selection of a certain size of sample as r^nesentative, we are 
guided partly by the degree of reliability of the result for that size, and also 
by i»actical consideration of the difficulties of making a very large number 
of tests. Bearing both these points in mind we consider the following are 
the minimum numbers of tests which should be made in the detemoination of 
the several fibre-properties by the methods described in Part P* — 


Fibre-property | 

i 

Number of fibres 
for representative 
sample 

Total range (% of mean) for which the odds 
are 20 to 1 that the random sample will lie 
therein 

Fibre-length ... 

500 

11 

Fitee-width 

300 

2*7 

Convolutions ... 

500 

19 

Fibre-strength ... 

500 

15 

Fibre-rigidity ... 

500 

48 (odds 5 : 1 ) 


(6) The results obtained in this investigation relate for the most part to 
Surat 1027 A.L.F. only. But, as remarked in Part I, this cotton was specially 
selected becatise previous tests had shown that its individual test-results 
displayed great variation. Consequently it may be inferred that the results 
obtained from any given number of tests of a certain property of another 
cotton will be at least as reliable as those obtained from the same number of 
tests of the same property of Surat X027 A.L.F. 
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APPENDIX 
TABLE I 


Mean Values of Sets of 100, 200, 300, 400, 500, and 600 Tests— Fibre-lendth 

(3.000 Tests) 


Group No. 

lOO’s 

200’s 

300»s 

400’s 

500’s 

600's 

I ... 

2-29i:036 

2-27±029 

2-30 1: 022 

2-25 i -019 

2-21 ±-017 

2-174-015 

11 ... 

2-24 ±-045 

2-30x 028 

2*23 1 023 

2-19 1-019 

2-15±-016 

'2-164-015 

Ill ... 

2-37±-034 

2-23±-026 

217 1-020 

2-12±017 

2-14-U-015 

2-19x014 

IV ... 

208±039 

2-07_f026 

2-04 i -019 

208±-017 

2-16±-015 

2-20x014 

V ... 

2*06±-033 

202±022 

2-08 4 -018 

2-181-016 

2-22±-014 

2 28 4-013 

VI ... 

1-98 i -028 

2 09 i -022 

2-22^-018 

2 26±016 

2-32±014 

' 2-31 ± 013 

VII ... 

2-20i*034 

2*34 ±*024 

2-36x-019 

2-41x-016 

2-37±-015 

2-36^-014 

VIII ... 

248±-032 

2-44±-022 

2-48 >018 

2-41 1-017 

2-40 , -015 

i 2-36±-013 

IX ... 

2-39 i 030 

2-48±021 

2 39j -019 

2-38-017 

2 34 l-014 

1 2-31 r013 

X ... 

2-56-fc*030 

2-39±-024 

2-374-020 

2-33 + -016 

2-29 4-014 

2-33 ^ -013 

XI ... 

2-23±-038 

2-28 >-026 

2-25J -019 

2-22.-016 

2-28} -015 

' 2-31 t 0l3 

XIl ... 

2-32±034 

2-25 jL 022 

2-22±-018 

2-30x015 

2-32±-014 

1 2-33 i -012 

XIII ... 

2-19±-027 

2-17±-020 

2-29±-017 

2-32} -015 

2-34±-013 

1 2-28±-012 

XIV ... 

214±030 

2-34 X 022 

2-37 _-017 

2-37 1-015 

2-29±-014 

' 2-30^-012 

XV ... 

2-54 1 032 

2-38x021 

2-38 -r 017 

2 28 >-015 

2-294 -013 

2-31 ±012 

XVI ... 

2-43 i 027 

2-41 i -020 

2-264 *017 

2-284 015 

2-30x013 

1 2-28±-012 

XVII ... 

2*20 t -030 

219i.‘022 

2-24±-017 

2 271-014 

2-26} -013 

2-25 r -01 2 

XVIIl ... 

l-98db032 

2-16±-021 

2-23±-016 

2-23±-014 

1 2-22+-013 

1 2-214-012 

XTX ... 

2-34 ±028 

2‘35 - 018 

2-31 ^ -016 

2-28±014 

2-25^-013 

2-26±-012 

XX ... 

2-35 ±024 

2-29±‘019 

2 27} 016 

2 23>-015 

2-24±-014 

1 2-22 4-012 

XXI ... 

2-22 f *030 

2*21 X 022 

2-19 ( -018 

2-21 4-016 

2-21 ±-014 

2-24 ±-013 

XXII ... 

2-21 i 031 

2-17^ 023 

2 21 J -017 

2-191-016 

2-22±-014 

2-22x013 

XXIIl ... 

2-13i 033 

2-20 t -023 

2-184-017 

2-23 1 -016 

2-224-014 ' 

2-22 i -013 

XXIV ... 

2-28 1 *033 

2*20 i- -023 

2-26^-018 

2-25-1 -016 

2-24 > -015 

2-22±-013 

XXV ... 

213i-031 

2-25 1 *022 

2 23 h 018 

2-23 .016 

2-21 i-014 

2-22±-013 

XXVT . . 

2*37±-031 

2*28±021 

2-26±-019 

2-23±-016 

2-244-014 

2-25±-013 

XXVIl ... 

2-20±-029 

2-21- *024 

2-184-018 

2-21 ±016 

2-224 -015 

2-23 ±01 4 

XXVIII ... 

2-21±*038 

2* 18 023 

2-21 r 019 

2-234-017 

2-23 t-016 

2 25^-015 

XXIX ... 

214±-026 

2-21 -021 

2-23 ^ -018 

2 244-018 1 

2 26±-016 

2-23x015 

XXX ... 

2-27 i 033 

2-28J-(»24 

2-27 » -022 

2 27 1-019 

2-25 ±-01 7 

2-22 j -015 


TABLE n 

Standard Deviations for Sets of 100, 200, 300, 400, 500, and 600 Tests — Fibre- 
length (3,000 Tests). Standard Deviation a for 3,000 Tests ~ 0.4986) 


(iroup No. 

loo’s 

200’s 

1 300’s 

4(M)’s 1 

500’s 1 

6(M)’s 

I ... 

5377 

•60,33 

.5756 

5825 

•5699 

•5541 

TI ... 

•6612 

•5935 

, -5973 

-.5761 ' 

•5534 

•5 459 

Ill .. 

•5066 

5603 

' -5.390 

•5215 , 

•5180 

•5282 

IV ... 

•5715 

•5324 

4989 

5035 1 

.5249 

•5186 

V ... 

-4883 

•4564 

1 -4781 

•5106 ! 

-.50.39 

•5095 

VI ... 


•4726 

5113 

•4993 

•5021 

•5140 

VII ... 

•4981 

•5116 

•4892 

•4847 

.5064 

-.5081 

VIII .. 

•4752 

•4625 

•4594 

•4987 1 

-.5023 

•4935 

IX ... 

•4350 

4454 

, -5025 

5048 1 

•4919 

•1893 

X ... 

•4387 

•5316 

1 -5265 

•5040 , 

•4974 

•5021 

XI ... 

•5631 

•5392 

-.5007 

•4877 

•5013 

•4890 

XII ... 

•5087 

•4645 

-4605 

•4834 1 

•4710 


XIII ... 

•4032 

•4231 

1 -4751 

•4609 1 

•4592 

•4816 

XIV ... 

•4388 

•1980 

' -4705 

4642 

•49.35 

•4810 

XV ... 

•4697 

•4402 

1 -4451 

•4981 

•4820 

-4639 

XVI ... 

•3992 

1243 

' -4901 

•4714 

•4501 

•4581 

XVII .. 

•44.59 

5088 

•4845 

•4.5.39 

4620 

•4606 

XVITI ... 

•4764 

•4809 

1 4445 

•4.565 

•45.58 

•4605 

XTX ... 

-4099 

•3846 

' -4253 

•4329 

•4455 

•4.529 

XX ... 

•3494 

•4278 

4362 

4493 

4688 

•4592 

XXI ... 

•4918 

•47.30 

•47b8 

•4809 

•4774 

•4792 

XXll ... 

•4516 

•4679 

1 -4769 

•4734 

•4764 

•4690 

XXIli ... 

•4783 

•4887 

, -4798 

4717 

•4722 

•4890 

XXIV ... 

•4854 

•4781 

1 -4786 

•4675 

•4889 

•47.39 

XXV ... 

•4567 

•4746 

1 -4606 

•4890 

-4705 

•47.35 

XXVI ... 

•4583 

•4531 

•4967 

•4716 

•4746 

•4860 

XXVII ... 

•4281 

•5017 

1 -476,3 

1 -4721 

•4871 

•5204 

XXVIII ... 

•5563 

•4831 

' -48.56 


•5366 

•5347 

XXIX ... 

•3803 

•4408 1 

1 -4767 I 

•5291 

•5278 

•5.397 

XXX ... 

•4846 

•5024 1 

1 -5667 

•5546 

-.5644 

•5.571 

Mean S.D.... 

•4722 

•4841 

•4895 

•4918 

•4945 

•4954 

S.D.ofS.D.’<i 

•06267 

•04854 

•03855 

•03412 * 

•03189 

•03008 
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TABLE III 

Values of Total Percentage Deviation from Fitness (if) for Sets of 100, 200, 
300, 400, and 500 Tests-~Fibre-lengtfa (3,000 Tests) 


Group No. 

100 

200 

300 

t .. 

400 

500 

I 


13-4 


25*0 

24*1 

18*2 

II 


39-8 

33-2 

29*5 1 

21*6 


III 


36*8 

29-0 

18*9 

19*9 

17*6 

IV 


32*8 

26*6 

29*3 

24*3 

15*4 

V 


31-2 

38-2 

28*4 

15*2 

8*8 

VI 


45-2 

27*6 

11*6 

8*7 


VII 


17-4 


20*2 1 

27*5 

26*0 

VIII 


39-0 

35*2 

39*6 

34*8 

29*8 

IX 


33*8 


33*9 

28*1 

19*8 

X 


49-6 

38-8 

29*5 

18*1 

14*2 

XI 


500 

24*4 

13*7 

15*6 

13*8 

XII 


14-6 

10*2 

11*3 

9*6 

13*8 

XIII 


23*8 

19-6 

7*8 

14*6 

18*2 

XIV 




21*6 

24*4 

13*6 

XV 


49*7 


38*4 

20*6 

21*2 

XVI 


35*4 

34*4 

12*8 

16*0 

17*6 

XVII 


37-4 

17-4 

15*7 

16*6 

11*2 

XVIII 


43-6 

26*4 

20*1 

15*2 

13*6 

XIX 


30-4 

30-4 

17*0 

13*2 


XX 


31-0 

13-8 

8*2 


6*2 

XXI 


19-6 

11*2 

14*8 

10*4 

13*4 

XXII 


13-6 

15-2 

9*7 

14*0 


XXIII 


25-2 


13*4 

11*2 

9*0 

XXIV 


22-4 

18*2 

15*4 


9*8 

XXV 


32-2 

16*2 

10*2 

9*4 

13*2 

XXVI 


230 

120 

12*2 

12*6 

12*0 

XXVII 


26-2 

19*8 

19*6 

14*8 

13*2 

XXVIII 


21*2 

21-4 

15*5 

13*0 

14*4 

XXIX 


35-8 

16-6 

12*1 


13*4 

XXX 


20*8 

14*6 

17*2 

22*0 

21*8 

Mean 

30-8 

23*4 

19*1 

17*0 

15*2 


TABLE IV 

Values of CkiefiUdent of Fitness A for Sets of 100, 200, 300, 400, and 500 Tests — 
Fibre-length (3,000 Tests) 


Group No. 

lOO’s 

200 N 

300’s 

400’s 

500’s 

I 

3*53 

4*29 

3*08 

3*87 

3*46 

II 

7*52 

4*24 

4*90 

4*01 

4*00 

Ill 

4*24 

4*24 

3*53 

3*91 

3-30 

IV 

8-71 

.5*54 

5*55 

4*32 

2*98 

V 

6*01 

6*29 

4*54 

2*75 

1*79 

VI 

6*81 

4*08 

1*83 

1*19 

1*64 

VU 

2*98 

2*09 

2*22 

3*02 

2*84 

VIII 

5*04 

3*97 

4*53 

3*79 

3-28 

IX 

4-27 

4*58 

3*84 

3*08 

2-26 

X 

6*19 

4*10 

3-19 

2*14 

2-37 

XI 

5*79 

2*90 

1*91 

2*43 

1*76 

XII 

2*35 

1*97 

2-40 

1*68 

1*95 

XIII 

3*10 

3*05 

1*49 

1*96 

2*21 

XIV 

3*79 

2*55 

2*82 1 

2*97 

1*84 

XV 

6*83 

5*22 

4*52 1 

2*74 

2*55 

XVI 

4*28 

3*88 

2*13 

2*23 

2*05 

XVII 

4-45 

2*96 

2*39 

2*26 

1*68 

XVIII 

6*66 

3*43 

2*63 

1*97 

1*76 

XIX 

3*88 

3*65 

2*88 

2*02 

1*80 

XX 

3-94 

2*26 

i 1*77 

1*73 

1*47 

XXI 

2*82 

1*90 

2*08 

1*76 

2*04 

XXII 

2-28 

2*31 

1*83 , 

2*19 

1*68 

XXIII 

3*38 

1*89 

2*28 ' 

1*61 

1*65 

XXIV 

2*87 

2*50 1 

1 2*20 

1*88 

1*78 

XXV 

4*18 

2*19 1 

1 2*04 

1*99 

2*06 

XXVI 

3*62 

2*11 1 

1 1*88 

2*10 

2*00 

XXVII 

3*60 

3*08 

2*94 

2*43 

2*15 

XXVIII 

4*21 

3*24 

2*48 

2*26 

2*19 

XXIX 

, * 4*78 

2*84 

2*07 

1*73 

1*60 

XXX 

[ 3*22 

2*29 

2*66 

2*64 ^ 

3*15 

Mean ..., 

1 

, 4*51 

3*32 

2-80 1 

2*49 

2*24 
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TABLE V 


Mean Values of Sets of 100, 200, 300, 400, and 500 Test8~>Fibre-widtli 

(3,000 Tests) 


Group No. 

lOO’s 

200*s 

300*s 

400*s 

500’s 

I 


178-5 

± 

1-36 

174-4 

± 

1-04 

176-5 

±0-92 

174-9 

± 0-69 

173 8 

± 

0-61 

11 


170-4 

± 

1-58 

175-6 

± 

1-03 

173-8 

±0-80 

172-6 

± 0-68 

172-6 

± 

0-60 

111 


180-7 

± 

1-30 

175-4 

± 

0-91 

173-3 

±0-73 

173-1 

±0-63 

178-1 

± 

0-55 

IV 


170-2 

± 

1-27 

169-7 

± 

0-88 

170-1 

± 0-72 

171-2 

±0-61 

171-7 

± 

0-53 

V 


169-2 


1-21 

170-8 

± 

0-87 

171-5 

± 0-70 

172-0 

±0-59 

172-4 

± 

0-51 

VI 


172-4 

± 

1-26 

172-7 

± 

0-85 

173-0 

± 0-67 

173-3 

±0-56 

173-1 

± 

0-50 

vli 


173-1 

± 

1-14 

173-3 

± 

0-79 

173-6 

±0-62 

173-2 

±0-53 

175-5 

± 

0-52 

Vlll 


173-5 

± 

1-08 

173-8 

± 

0-73 

173-3 

± 0-60 

176-1 

±0-58 

178-4 

± 

0-53 

IX 


174-1 

± 

1-00 

173-2 

± 

0-72 

176-9 

±0-68 

179-6 

±0-61 

181-3 

± 

0-57 

X 


172-3 

i 

1-05 

178-3 

± 

0-90 

181-4 

±0-74 

183-1 

± 0-67 

184-3 

± 

0-60 

XI 


184-4 

db 

1-46 

186-0 

± 

0-98 

186-8 

± 0-82 

187-3 

± 0-70 

186-3 

± 

0-64 

XII 


187-5 

± 

1-31 

187-9 

± 

0-99 

188-3 

± 0-79 

186-9 

± 0-71 

186-4 

± 

0-61 

XIll 


188-4 

± 

1-47 

188-7 

± 

0-99 

186-6 

± 0-84 

186-1 

± 0-69 

185-9 

± 

0-60 

XIV 


189-1 

± 

1-34 

185-7 

± 

1-03 

185-3 

± 0-78 

185-2 

± 0-66 

185-6 

± 

0-57 

XV 


182-4 

± 

1*56 

183-4 

± 

0-97 

184-0 

± 0-76 

184-8 

± 0-63 

185-1 

at 

0-55 

XVI 


184-4 

± 

M5 

184-8 

± 

0-83 

185-5 

± 0-66 

185-8 

±0-57 

185-2 

± 

•>■52 

XVIT 


185-1 


1-18 

186-1 

-fc 

0-80 

186-3 

± 0-65 

185-4 

± 0-58 

184-6 

± 

0-53 

XVIIl 


187-1 

.+ 

1-07 

186-9 

± 

0-78 

185-6 

± 0-66 

184-5 

± 0-60 

182-5 

± 

0-52 

XIX 


186-7 

± 

1-14 

184-8 

.-t 

0-84 

183-6 

± 0-71 

181-1 

± 0-59 

180-1 

± 

0-52 

XX 


182-9 

± 

1-23 

182-1 

± 

0-90 

179-2 

± 0-68 

178-4 

i 0-58 

178-2 

± 

0-54 

XXI 


181-3 

± 

1-31 

177-3 

± 

0-82 

176-9 

± 0-65 

177-1 

± 0-60 

177-3 

± 

0-54 

XXII 


173-4 

± 

0-99 

174-7 

± 

0-73 

175-7 

± 0-67 

176-3 

± 0-59 

176-6 

± 

0-54 

XXIII 

.*” y.'j 

176-1 

± 

1-06 

176-8 

± 

0-88 

177-2 

di 0-71 

177-3 

± 0-62 

176-9 

± 

0-55 

XXIV 


177-6 

± 

1-41 

177-8 

± 

0-92 

177-8 

± 0-75 

177-1 

± 0-63 

178-7 

± 

0-57 

XXV 


178-1 

± 

1-18 

177-9 

± 

0-88 

176-9 

±0-70 

179-0 

± 0-62 

181-9 

± 

0-57 

XXVI 


177-7 

± 

1-30 

176-4 

± 

0-88 

179-3 

± 0-73 

182-9 

± 0-64 

183-5 

± 

0-59 

XXVII 


175-1 

± 

1-17 

180-1 

i. 

0-88 

184-7 

±0-74 

185-0 

±0-67 

183-7 

± 

0-60 

XXVIll 


185-1 

± 

1-32 

189-5 


0-94 

188-3 

± 0-80 

185-8 

±0-69 

182-7 

± 

0-64 

XXIX 


193-8 

± 

1-35 

189-9 

d- 

1-00 

185-3 

± 0-80 

181-6 

± 0-72 

181-4 

± 

0-63 

XXX 


186-0 

± 

1-47 

182-2 

± 

1-00 

178-3 

J 0-85 

178-9 

±0-72 

177-1 

± 

0-63 


TABLE VI 

Standard Deviations for Sets of 100, 200, 300, 400, and 500 Tests— Fibre-width 
(3,000 Tests). (Standard Deviation a for 3,000 Tests ~ 19*92) 


(iroup No, 

100 

1 200 

1 

300 

400 

500 

I 

20-16 

1 22-14 

21-44 

21-01 

20-58 

II 

23-26 

21-96 

21-14 

20-50 

20-15 

Ill 

19-32 

19-81 

19-46 

19-27 

18-83 

IV 

18-88 

18-47 

18-57 

18-12 

17-81 

V 

18-01 

18-41 

17-97 

17-51 

17-02 

VI 

18-65 

17-86 

17-23 

16-65 

16-30 

VII 

16-96 

16-46 

15-92 

15-66 

17-60 

VIII 

15-95 

15-36 

15-20 

17-48 

18-83 

IX 

14-75 

14-81 

18-17 

19-28 

20-35 

X 

15-55 

19-51 

20-23 

2M2 

20-99 

XI 

21-65 

20-95 

21-58 

2M8 

21-09 

XII 

20-06 

21-41 

20-89 

21-64 

20-84 

XIII 

22-67 

21-30 

22-15 

21-03 

20-99 

XIV 

19-84 

21-78 

20-34 

19-68 

18-98 

XV 

23-09 

20-33 

19-46 

18-65 

18-20 

XVI 

17-07 

17-31 

16-84 

16-68 

17-00 

XVII 

17-55 

16-70 

16-51 

16-97 

17-57 

XVIII 

15-91 

15-93 

16-81 

17-58 

17-63 

XIX 

16-11 

' 17-23 

18-08 

17-89 

16-88 

XX 

18-09 

' 18-97 

18-01 

17-54 

18-27 

XXI 

19-38 

17-64 

17-04 

18-09 

1 18-06 

XXII 

14-68 

15-29 

17-42 

17-57 

17-96 

XXIII 

15-76 

18-53 

18-18 

17-61 

18-40 

XXIV 

20-84 

19-46 

19-45 

18-98 

19-44 

XXV 

17-91 

, 18-67 

18-29 

18-95 

20-09 

XXVI 

19-31 

18-46 

19-40 

20-49 

20-66 

XXVII 

17*37 

19-15 

20-55 

20-71 

20-76 

XXVIII 

19-54 

I 20-41 

20-71 

21-00 

22-33 

XXIX 

20-44 j 

1 21-12 

21-46 

22-93 

22-26 

XXX 

21-15 1 

1 21-00 

22-48 

21-76 

21-50 

Mean S.D 

18-664 

18-881 

19-033 

19-118 

19-249 

S.D. of S.D.’s 

1 2-365 

2-084 

1 930 

1-837 

1 1-685 
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TABLE VII 

Values of Total Percentage Deviation from Fitness (if) for Sets of 100, 200, 
300, 400, and 500 Tests — ^Fibre-width (Second 1,000 Tests) 


Group No. 1 

i 

lOO’s 

200’s 

300’s 

400’s 1 

500*s 

1 

24*7 

130 

15-8 

13-4 

9*2 

II 

22*6 

22*8 

18-0 

11*9 

10*6 

Ill 

31-6 

20*0 

11-7 

10-6 

9*8 

IV 

35*8 

10*6 

5-5 

8-1 

8*8 

V 

36<0 

20*4 

18*2 

15-4 

13*0 

VI 

17*6 

15-6 

150 

16-6 

14*0 

VII 

23-6 

17*4 

17-8 

14-4 

11*6 

vm 

294 

26*2 

20*9 

17*1 

12*8 

IX 

260 

18-5 

17*2 

12-2 

11*4 

X 

19*4 

18-2 

11*0 

11-2 

10*0 

Mean 

1 26-7 

18-3 

151 

13*1 

11*1 


TABLE VIII 

Mean Values of Sets of 100, 200, 300, 400, 500, and 600 Tests — CSonvolutions 

(3,000 Tests) 


Group No. 

loos 

20()S 

300\ 

1 

490S 1 

500S 

600S 

I ... 

96*2±1*95 

94-7 ±1*45 

94*8±M4 

92-4 ±0*97 

91-0±0-8« 

89*6±0*76 

II ... 

93-1+2-lS 

94-2±l-4l 

91*2±M2 

89-7±0*96 

88-3±0-82 

87*8±0*76 

Ill ... 

95'2±1>81 

90-2±l*30 

85-5±l*05 

; 87-1 ±0-88 

86-7±0-80 

88*7±0*73 

IV ... 

85*2±1*86 

85-2±l*29 

84-4±l*00 

! 84*6±0*89 

87-3±0*80 

87*8±0-74 

V ... 

85*1 ±1*79 

84-l±M8 

84*4±1*02 

87*9±0*89 

88-3±U*80 

89-9±0*73 

VI ... 

83-0±1-54 

84-l±l-24 

88*8±1*02 

89*2±0*90 

90*8±0-80 

90*5±0*75 

VII ... 

85-2±l*93 

91-7±l-32 

91*2±1*08 

92-8i0-93 

92*0i 0*84 

94-0 lO-80 

Vlll ... 

98*2±1*80 

94-2±l*30 

95-3 J 1*06 

93-7±0*94 

95-7 10-88 

95-8i0-80 

IX ... 

90*2±l*86 

03-8±l'31 

92*2dl*10 

95*1-1 1*01 

95*4i0-89 

94-7i 0-82 

X ... 

97*4±1*84 

93*2±1*36 

96*7:t 1*19 

96-7 d 1*02 

95*6i0*91 

97*7 i 0*84 

XI ... 

88-9i2-0<) 

96-4 1 1-54 

96*4±1*21 

95-1 ±1-05 

97-8±0-94 

98*8£0-86 

xn ... 

103*8±2-33 

100-2±1-51 

97*2±1*23 

100-0±1*07 

100-7±0-95 

99-5±0*87 

xni ... 

96-5±l-9t 

93*9±1*43 

98-8±M9 

100*0±1*04 

98-6±0-94 

94*3±0*84 

XIV ...1 

91*2.k2*11 

99-9±l*51 

10M±1*23 

99*2±1*07 

93*8±0-93 

92-0±0-84 

XV ... 

108*6±2*15 

106-1±1*51 

101-8±1*24 

94-5±l*04 

92*1 ±0*92 

91-6±0-84 

XVI ... 

103-5 h 2* 11 

98-4±l*52 1 

89-8±l*19 

88*0±1*01 

88*1 ±0-91 i 

87*0±0-82 

XVII ... 

93*3±2*18 

82*9±1*44 ! 

82-8±M5 

84*3±1*01 

83-6±0*89 

84*5±0*84 

XVIII ... 

72-5±l*87 

77*6±1*35 i 

81*3±1*12 

81*2±0*98 

82*8±0*91 

82*7±0*82 

XIX ... 

82-6±l*93 

85-7±l*41 

841±M4 

85-4±103 

84*8±0*91 

85-2i0-84 

XX ... 

88-7±2*04 

34-9±l*41 

86*3±1*22 

85*3±1*04 

85*7±0-93 

86*6±0-87 

XXI ... 

8M±1*95 

851±1*51 1 

84-2±l*20 

85*0±1*04 

86*2±0*95 i 

87*6±0*88 

XXII ... 

89*0±2*31 

J85*7±l*52 

86*3±1*23 

87*4±1*09 

88*9±0*98 

88*0±0*89 

xxni ... 

82*4±1*96 

84-9±l*44 1 

86-9±l*23 

88-9±l*08 

87-8±0*96 

86*7±0*88 

XXIV ... 

87*4±210 

89-2±l*57 

91*0±1*29 

89*2il*09 

87*6±0*98 

85*4±0*86 

XXV ... 

90*9±2*32 

82*9±1*62 

89*8±1*28 

87*6±M0 

85*0±0-95 

83*4±0*85 

XXVI ... 

94-8±2*27 

89*3±1*53 

86*5±1*25 

83-5±103 

81*9±0*91 

84*3±0*83 

xxvn ... 

83-7 ±2*04 

82-4±l-49 

79*7±1*15 

78*6±0*99 

82*1 ±0*88 

84*0±0*82 

XXVIII ... 

8M±218 

77*8±1*40 

76-9±l*12 

81-8±0*98 

84-0±0-89 

85*9i:0*80 

XXIX ... 

74*4±1*74 

74*9±1*29 

82*0±1*08 

84*8±0*97 

86*8±0*86 

86*8±0*78 

XXX ... 

75*3±1*90 

85*8±1*36 

88*2±M6 j 

90*0±0*98 

89*0±0*87 

88*4±0-78 
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TABLE IX 

Standard Oeyiatioiis for Sets of 100, 200, 200, 400, and 500 Tests—Gonvolutlons 
(3,000 Tests). (Standard Deviation or for 3,000 Tests=30*90) 


Group No. 

1 100*s 

200’s 1 

300’s 

400’s 

600’s 

I ... 

28-95 

30-51 

29-36 

29-23 

28-85 

II ... 

31-92 

29-54 

29-22 

28-67 

27-75 

Ill ... 

26-90 

27-81 ' 

27-23 

26-46 

26-92 

IV ... 

27-63 

27-07 1 

25-76 

26-50 

- 27-10 

V ... 

26-50 

24-77 i 

26-14 

26-99 

27-09 

VI ... 

22-86 

25-93 

27-03 

26-72 

27-43 

VII ... 

28-62 

28-53 

28-22 

28-08 

28-44 

VIII ... 

26-74 

27-45 

27*44 

28-14 

29-82 

IX ... 

27-55 

27-67 

28-43 

30-51 

30-09 

X ... 

27-30 

28-81 

31-26 

30-54 

30-77 

XI ... 

29-62 

33-05 

31-54 

31-56 

31-59 

XII ... 

34-57 

31-81 

31-91 

32-77 

32-10 

XIII ... 

28-31 

29-95 

31-37 

31-40 

31-70 

XIV ... 

31-27 

32-73 

32-28 

32-46 

33-32 

XV ... 

31-83 

31-64 

32-43 

33-78 

33-16 

XVI ... 

31-24 

32-19 

33-10 

32-19 

31-80 

XVII ... 

32-32 

31-86 1 

30-82 

30-77 

30-44 

XVIII ... 

27-73 

28-65 

29-63 j 

29-29 

30-65 

XIX ... 

28-65 

29-58 

29-44 

30-80 

30*48 

XX ... 

30-19 

29-81 

31-44 

30-89 < 

30-97 

XXI ... 

28-93 

31-98 

31-05 1 

31-12 

31-89 

XXII ... 

34-31 

31-95 

31-70 

1 32-47 

32-58 

XXIII ... 

29-03 

30-23 

31-81 i 

32-47 

32-10 

XXIV ... 

31-17 

32-89 

33-27 1 

1 32-68 

32-77 

XXV ... 

1 34-43 

34-13 , 

, 33-15 

33-14 

32-26 

XXVI ... 

33-71 

32-48 

1 32-64 

1 31-52 

31-05 

XXVll ... 

30-19 

31-29 1 

1 29-82 

29-49 

30-22 

xxvin ... 

1 32-29 

29-43 ' 

29-06 

30-20 

30-89 

XXIX ... 

25-83 

27-06 

29-48 

‘ 30-48 

30*10 

XXX ... 

28-23 

1 

30-44 1 

1 31-13 

1 30-28 

29-75 

Mean S.D. ... 

29-627 

30-041 

30-239 

1 30*387 

30-469 

S.D. of S.D.*s 

2 762 

) 2-283 

1 2-094 

1 2-027 

1-806 


TABLE X 


Values of Total Percentage Deviation from Fitness (d) for Sets of 100, 200, 
300, 400, and 500 Tests — Convolutions (3,000 Tests) 


Gioup No. 

' lOOV 

200’s 

300’s 1 

400s 

500’s 

1 

15-2 

10-2 

8-9 

7-3 

12-0 

11 

16-8 

7-4 

10-5 

15-3 

18-9 

Ill 

23-4 

15-4 

21-7 

27-7 

25-0 

IV 

.33-8 

32-8 

29-9 ' 

27-9 

19-8 

V 

39-8 

28-9 

35-1 ' 

23-8 

20-6 

VI 

46-4 

40-4 

22-1 

197 

16-2 

VII 

37-4 

19-2 

13-8 ' 

lO-O 

10*2 

VIII 

20-6 

11-6 

11-4 

11*6 

10-4 

IX 

17-6 

13-8 

12-3 

13-0 

9-1 

X 

17-0 

11-6 

15-9 

11-3 

11-8 

XI 

27-6 

22-4 

14-0 

14-5 

16-2 

XII 

46-0 

27-2 

22*1 ' 

22-6 

19-2 

XIII 

17-7 

13 2 

15-6 

15-3 

14-0 

XIV 

24-8 

23-4 

23*0 

19-7 

15-4 

XV 

27-7 

31-6 

23-2 

15-1 

14-9 

XVI 

30-6 

16-4 ' 

' 17-1 

19-3 

18-4 

XVII 

17-4 

33-8 

30-2 

26-4 

30-4 

XVIII 

60-0 

51-4 ' 

' 29-5 

35-8 

34-0 

XIX 

31-2 

20-8 

28-2 

27-8 

28-0 

XX 

16-8 

29-3 

28-7 

28-8 I 

30-0 

XXI 

42-8 

34-8 

32-8 

33-3 ' 

32-6 

XXII 

30-6 

29-8 

30-2 

28-9 

23*8 

XXIII 

41-8 

32-8 

29-5 

23-2 1 

1 23-8 

XXIV 

36-3 

33-6 

22-9 

23*2 

27-5 

XXV 

31-6 

22-4 

20-1 

25*6 1 

1 30-4 

XXVI 

33-4 

30-4 

29-7 

31-2 1 

36-4 

XXVII 

, 34-8 

36-8 

42-1 

45-3 1 

34-8 

XXVIII 

45*2 

48-3 

46-7 1 

35*9 1 

29-6 

XXIX 

52-8 

53*8 

.33-3 

25-9 1 

21-8 

XXX 

54-8 

26-4 

19*0 

15-2 i 

15-0 

Mean 

32-4 

27-0 

24 -(1 

22-7 21-7 
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TABLE XI 


Mean Values of Seta of 100, 300, 300, 400» 500, and 600 Tests — ^Fibre-strength 

(3,000 Tests) 


Group No. 


100*s 


200*8 


300‘s 


400’s 


500*8 


600*8 


I 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 
XV 

XVI 

XVII 

XVlIl 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 
XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

XXX 


3*63±188 

3*42±162' 

4>44±174 

3-70±140 

3- 68d:-136 
3*92db*175 
3*99±-158 
3*66db*143 
3*64d:*085 

4- 08±-135 

3- 95±15l 
3*52± 150 
3*04d:143 

4- 15±164 

3- 48±149 
4*81 ±-202 

4- 92d:191 
3-53±124 

3- 29d:140 
3*96-tl36 

4- 67±177 
3-53j:122 
3-76±155 
3-73±164 
405^151 
4*50i-166 
3-61±152 

3- 73±140 
3*82i-171 

4- 84±*157 


3-525 i;*124 
3-930±-118 
4070±-113 
3-790i-097 
3-900 i.1 10 
3-955±-117 
3-825 4;*106 
3-600 -080 

3- 860i:-078 

4- 015J.-104 
3-735il06 
3-2804:103 
3-595d:-112 

3- 815±-110 
4145±-127 

4- 865±139 
4-225±115 
3-410±-093 

3- 6251: -098 

4- 315±lll 
4-1001-108 
4-6451-097 
3-7451-112 

3- 8901-111 

4- 2751-112 
4-0551-112 
3-6701-103 

3- 7751-110 

4- 3301 118 
4-2351-125 


3-831-101 

3- 851-092 

4- 061-086 
3-831-087 
3-931-090 
3-86J.-092 
3-761-074 
3-761-067 
3-891073 
3-851-084 
3-501-085 
3-571-088 

3- 561-088 

4- 141-099 
4-401-104 
4-421-099 
3-911-087 
3-591-077 

3- 971-087 

4- 051-084 
3-991-087 
3-671-085 

3- 851-090 

4- 091-093 
4-051-090 
3-951-088 

3- 721-089 

4- 131-090 
4-101-099 
3-661-091 


3-801-083 
3-861-076 
3-981-078 
3-871-076 
3-861-075 
3-801-070 
3-841-065 
3-811-063 
3-801-065 
3-651-072 
3-67 I -076 
3-551-076 

3- 87 4- 087 

4- 341-088 
4-161-083 
4-141-082 
3 - 9331-074 
3-861-072 
3-861-072 
3-98 I -074 
3-921 -077 

3- 77 £-074 

4- 01 j -079 
3-97 t -079 
3-97 j -076 

3- 92 ] -079 

4- 00±-078 
4-001-082 

3- 651-078 

4- 07 1 079 


3-811-072 
3-871-070 
3-981-070 
3-831-067 
3-821 062 
3-861-062 
3-861-060 
3-751-059 
3-651-060 
3-751-067 
3-631-068 

3- 801-072 

4- 081-076 
4-181-074 

3- 991-072 

4- 101-071 
4-071-069 
3-80:t-063 
3-841-065 
3-931-067 
3-951-069 
3-911-068 
3-931-070 
3-921-069 

3- 941-070 

4- 101-070 
3-931-072 

3- 821-071 

4- 071-070 
3-951-069 


3-831 -06b 
3-891-064 
3-931-063 
3-801-057 
3-861-050 
3-871-058 
3-81 d -056 
3-631-054 
3-731-057 
3-701-060 
3-821 065 
3-981-068 

3- 991-066 

4- 031-066 

3- 981-064 

4- 191-066 
3-981-061 
3-791-058 
3-821-061 

3- 951-061 

4- 041-064 
3-861-062 
3-891-061 

3- 91 1-064 

4- 091-064 
4-02 -066 

3- 851-064 

4- 011-064 
3-891-063 
3-911-060 


TABLE XII 


Standard Deviations for Sets of 100, 200, 300, 400, 500, and 600 Tests — ^Fibre- 
str ength (3 ,000 Tests). (Standard Deviation a for 3,000 Tests— 2*357) 


Group No. 

lOO’s 

200’s 

1 3m)*s 

4(M)’s 

500’s 

600’s 

I ... 

2-879 

2-673 

2 544 

2-460 

2-411 

2-438 

II ... 

2-314 

2-354 

2-302 

2-277 

2 338 

2-319 

Ill ... 

2-259 

2-272 

2-249 

2-333 

2-310 

2*277 

IV .. 

2-190 

2-197 

2 327 

2-273 

2*261 

2*134 

V ... 

2-256 

2-390 

2-334 

2-278 

2*123 

2-093 

VI ... 

2-566 

2-398 

2-303 

2-103 

2-071 

2*107 

VII ... 

2-216 

2 159 

1-923 

1*927 

2-003 

2*113 

VIII ... 

2-091 

1-748 

1-817 

1-905 

2-090 

2*120 

IX ... 

1-320 

1 663 

1-892 

2-098 

2-125 

2*185 

X ... 

1-919 

2-110 

2*286 

2*283 

2-319 

2-297 

XI ... 

2-280 

2-439 

2-371 

2-400 

2-357 

2-515 

XII ... 

2-574 

2-386 

2-432 

2-369 

2-559 

2-659 

XIII ... 

2-146 

2-358 

• 2-297 

2-552 

2-667 

2-574 

XIV ... 

2-417 

2-322 

2*611 

2-717 

2-607 

2*547 

XV ... 

2-168 

2-703 

2-807 

2*652 

2-571 

2*491 

XVI ... 

3-001 

2-965 

. 2-751 

2-644 

2*536 

2*540 

XVII ... 

2-927 

2-599 

2-477 

2-375 

2*420 

2-340 

XVIII ... 

1-994 

2-040 

2*054 

2-225 

2-154 

2-192 

XIX ... 

2-076 

2-083 

2-287 

2-188 

2*227 

2-249 

XX ... 

2-099 

2-316 

2*194 

2-243 

2*268 

2*261 

XXI ... 

2-514 

2-266 

2*306 

2-322 

2*302 

2*345 

XXII ... 

1-843 

2-119 

2 201 

2-212 

2*290 

2*295 

XXIII ... 

I 2-374 

2-366 

2*322 

2-383 

2-373 

2-340 

XXIV ... 

I 2-357 

2-295 

2*382 

2-373 

2 333 

2-342 

XXV ... 

2-222 

2-324 

2-374 

2-325 

2*338 

2-348 

XXVI ...1 

' 2-503 

2-446 

2-358 

2-366 

2-372 

2-470 

XXVII ...1 

2-307 

2-232 

2*286 

2-328 

2-452 

2*435 

XXVIII ... 

2-153 

2-273 

, 2*322 

2-476 

2*458 

2-440 

XXIX ... 

2-386 

2-375 

1 2-574 

2-526 

2*490 

2-445 

XXX ... 

2-256 

2-653 

2-570 

2*513 

2-456 

2-415 

Mean S.D.... 

2-2869 

2 3175 

2-3318 

2-3375 


2*3442 

S.D.oIS.D.*s 

•3222 

-2558 

1 -2185 

-1859 

*1633 

-1507 
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TABLE XIII 


ValuM of Coefficient of Fltneee A for Sets of 100, 200, 300, 400, 500, and 600 
Teste— Fibre>strenstfa (3,000 Tests) 


Group No. 

100*s 

200’s 

300’s 

400*s 

500’s 

600*8 

I ... 

5-655 

2-745 

2-702 

1-738 

1-360 

1-415 

n ... 

3-950 

2-526 

1-539 

1-308 

1-158 

1-260 

Ill ... 

3-865 

1-694 

1-797 

1-463 

1-513 

1*281 

IV ... 

2-948 

2-618 

2-117 

1-871 

1-607 

1-772 

V ... 

3*401 

1-912 

1-853 

1-539 

1-861 

1-852 

VI ... 

3*411 

1-670 

1-490 

1-683 

1-822 

1*811 

VII ... 

2-932 

2-293 

2-837 

2-618 

2-274 

1-889 

VIII ... 

3-258 

3-861 

3-267 

2-855 

2-665 

1-996 

IX ... 

6-985 

4-358 

3-455 

3-030 

2-192 

1-907 

X 

3-572 

3-508 

2-946 

2-404 

2-216 

2-024 

XI ... 

4-196 

3-665 

3-333 

2-593 

2-419 

2-032 

XII ... 

4-414 

4-113 

2-919 

2-672 

2-238 

1-877 

XIII ... 

5-677 

3-384 

3-118 

2-641 

2-322 

1-921 

XIV ... 

3-463 

2-509 

2-598 

2-555 

2-000 

1-680 

XV ... 

2-957 

3-194 

2-880 

2-221 

1-761 

1-229 

XVI ... 

5-516 

4-714 

3-162 

2-110 

1-517 

1-649 

XVII ... 

5-415 

3-081 

2-249 

1-714 

1-473 

1-270 

XVIII ... 

3-848 

3-162 

2-274 

1-625 

1-153 

1-315 

XIX ... 

4-254 

2-664 

2-114 

1-240 

1-300 

0-841 

XX ...i 

3-637 

2-948 

1-694 

1-402 

0-940 

0-930 

XXI ... 

4-117 

1-571 

1-732 

1-483 

1-102 

1-319 

XXll ... 

3-738 

2-200 

1-841 

1-556 

1-504 

1-142 

xxni ... 

4-532 

2*522 

1-360 

1 513 

0-953 

0-767 

XXIV ... 

4-057 

2-876 

2-608 

1-664 

1-014 

1-292 

XXV ... 

2-734 

2-687 

1-233 

0-642 i 

1-005 

1-513 

XXVI ... 

3.601 

1-136 

0-884 

1-327 ! 

1-673 

1-628 

XXVII ... 

2-956 

1-861 

2-007 

1-715 

1-753 

1-091 

XXVIII ... 

2-365 

2-685 j 

2 540 

2-348 

1-389 

1-302 

XXIX ... 

4-379 

3-974 

2-945 

2-046 

1-174 

0-698 

XXX ... 

5-989 

3-021 

2-400 

1 315 

0 946 

1 1-455 

I 


TABLE XIV 

Values of Total Percentage Deviation from Fitness for Sets of 100, 200, 300, 
400, 500, and 600 Tests— Fibre-strength (3,000 Tests) 


( Troup No. 

lOO’s 

200’s 

300’s 1 

400’s 

500\ 

600’b 

I ... 

38-1 

25-2 

19-0 

15-0 1 

12-0 

12-2 

11 ... 

32-4 

18-8 

12 5 

10-7 

10-4 

10-9 

Ill ... 

33-8 

15-0 

13-6 

13-2 

13*4 

12-1 

IV ... 

24-4 

>9-7 

17 0 

16-0 

14-4 

13-3 

V ... 

25-2, 

14-4 

16-8 

13-9 

14-2 

15-5 

VI ... 

29-8 

14-6 

12-8 

13-7 

16-2 

15-5 

VII ... 

22-8 

17-1 

23-6 

21-6 

19-8 

14-3 

VIll ... 

20-0 

33-4 

27-5 

24-0 

17-4 

13-1 

IX ... 

64-2 

35-4 

27-4 

18-3 

14-0 

13-3 

X ... 

29-5 

30-0 

24-5 1 

1 21-0 

19-6 

17-6 

XI ... 

33-6 

29-8 

26-8 1 

23-9 

20-6 

17-4 

XII ... 

39-8 

35-4 

23-8 

20 4 

17-0 

13-4 

XIII ... 

39-0 

22-8 

21-6 1 

17-9 

16*0 

14-2 

XIV ... 

25-0 

18-6 

18-9 1 

1 20-2 

17-0 

14-0 

XV ... 

20-8 

20-8 

21*7 

18-0 

14-4 

10-2 

XVI ... 

41-8 

33-0 

23-7 

15-8 

11-6 

10-1 

XVII ... 

41-2 

26-6 

19-2 1 

' 12-1 

12-4 

8-6 

XVIIl ... 

29-5 

25-0 

17-3 

12-8 

9-0 

11-5 

XIX ... 

30-4 

21-0 

15-7 

9-0 

11-0 

6-3 

XX ... 

25-2 

21-6 

13*2 ' 

12-0 

7-8 

7-5 

XXI ...I 

28-2 

11-6 

12-7 ' 

' 9-9 

98 

10-5 

XXII ... 

31-8 

20-4 

15-6 1 

1 13-5 

13-0 

9-3 

XXIII ... 

36-2 

16-0 

11-7 I 

1 12-0 

8-2 

6-0 

XXIV ... 

30-0 

25-2 

21-8 1 

1 12-5 

7-2 

10-1 

XXV ... 

23-0 

20-6 

9-6 

4-4 

9-2 

13*0 

XXVI ... 

31-4 

8-2 

7-5 

12-6 

13*4 

14-6 

XXVII ... 

23-8 

16-4 

16-4 

15-7 

16-6 

9-7 

XXVIII ... 

20-2 

24-6 

20-2 

21*3 

12-8 

9-9 

XXIX ... 

41-6 

30*8 

26-7 

16-1 

9-6 

5-8 

XXX ... 

46-0 

25-6 

20-8 

11-6 

6-8 

12*8 
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TABLE XV 

Mean Values of Sets of 100, 200, 300, 400, 500, 600, and 700 Tests-Elbre- 

rlOidity (4,000 Tests) 


Group No 

100*s 

200’s 

300*8 

400’s 

500’s 

600’s 

700'8 

1 ... 

215 

206 

2*31 

2*18 

2*11 

2*15 

2*21 

II ... 

1-98 

2*38 

2*19 

2*10 

2*16 

2*22 

2*23 

Ill ... 

2*79 

2*25 

2*10 

2*18 

2*25 

2*26 

2*20 

IV ... 

1*81 

1*82 

2*00 

2*14 

2*17 

2*11 

2*09 

V ... 

1-82 

2*10 

2*25 

2*26 

2*17 

2*14 

2*06 

VI ... 

2-38 

2*46 

2*41 

2*26 

2*22 

2*12 

2*00 

VII ... 

2-54 

2*42 

2*22 

2*16 

2*05 

1*92 

1*80 

VIII ... 

2>31 

2*06 

2*03 

1*92 

1*80 

1*67 

1*75 

IX ... 

1-80 

1*89 

1*80 

1*67 

1*56 

1*66 

1*70 

X ... 

1-99 

1*79 

1*63 

1*50 

1*63 

1*67 

1*93 

XI ... 

1-60 

1*45 

1*33 

1*54 

1*62 

1*93 

2*17 

XII ... 

1-30 

1*20 

1*52 

1*63 

1*99 

2*27 

2*10 

XIII ... 

1-10 

1*64 

1*74 

2*16 

2*46 

2*24 

2*10 

XIV ... 

2*17 

2*06 

2*52 

2*80 

2*47 

2*27 

2*30 

XV ... 

1-95 

2*69 

3*01 

2*54 

2*29 

2*32 

2*45 

XVI ... 

3-43 

3*54 

2*71 

2*38 

2*39 

2*53 

2*52 

XVII ... 

366 

2*40 

2*02 

2*13 

2*35 

2*36 

2*41 

xvm ... 

M4 

1*20 

1*62 

2*02 

2*10 

2*20 

2*30 

XIX ... 

1-27 

1*87 

2*32 

2*34 

2*42 

2*50 1 

1 2*60 

XX ... 

2-46 

2*84 

1 2*70 

2*70 

2*72 

2*80 

2*93 

XXI ... 

3-22 

2*82 

1 2*78 

2*81 

2*91 

3*04 

1 3*04 

XXII ... 

2-42 

2*57 

1 2*67 

2*81 

2*99 

2*99 

2*93 

XXIII ... 

2-71 

2*80 

1 2*94 

3*13 

3*11 

3*06 

3*15 

XXIV ... 

2*89 

3*00 

3*27 

3*20 

3*12 

3*23 

3*32 

XXV .. 

3*23 

3*46 

3*31 

3*18 

3*29 

3*39 

3*24 

XXVI ...1 

3-69 

3*35 

3*17 

3*31 

1 3*42 

3*24 

1 3*18 

XXVll ...! 

3-01 

2*91 

3*19 

3*35 

1 3*15 

1 3*10 

1 3*06 

XXVIll ... 

2*81 

3*28 

3*47 

3*19 

' 3*12 

3*03 

1 2*89 

XXIX ... 

3*74 

3*80 

1 3*31 

3*20 

1 3*07 

2*90 

1 2*81 

XXX ... 

3*86 

3*10 

1 3*02 

2*91 

1 2 74 

' 2*66 

1 2*64 

XXXI ... 

2*34 

260 

2*59 

2*45 

1 2*42 

2*43 

2*45 

XXXIl ... 

2*85 

2*71 

2*49 

2*44 

1 2*45 

2*47 

1 2*53 

XXXIIl ... 

2-58 

2*31 

1 2*30 

2*35 

' 2*39 

2*47 

1 2*56 

XXXI V .. 

2*05 

2*16 

2*28 

2*34 

2*45 

2*55 

2*51 

XXXV ... 

2-28 

2*40 

2*44 

2*55 

2*65 

2*59 

2*53 

XXXVI ... 

2-51 

2*52 

1 2*64 

2*75 

2*65 

2*57 

2*48 

XXXVII . . 

2*53 

2*71 

2*83 

2*69 

2 58 

2*48 

1 2*52 

XXXVIII ... 

2*89 

2*98 

2*74 

2*59 

2*47 

2*52 

2*42 

XXXIX ... 

3-06 

2*66 

2*49 

2*36 

2*45 

2*34 

2*27 

XL ... 

2*27 

2*21 

, 2*13 

2*30 

2*20 

2*13 

1 2*17 
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TABLE XVI 

Values of Total Percentage Deviation from Fitness (tf ) for Sets of ^ 100, 200, 
300, 400, 500, and 600 Tests — ^Plbre-rlgidity (4,000 Tests) 


Group No. 


I 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 
XV 

XVI 

xvn 

XVllI 

XIX 

XX 

XXI 

XXII 

XXIII 

XXTV 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

XXXII 

XXXIIl 

XXXIV 

XXXV 

XXXVI 

XXXVII 

XXXVIII 

XXXIX 

XL 


Mean 


100*8 

200*8 

35-8 

25*8 

23*2 

18*2 

42*4 

28*2 

31*4 

28*0 

34*4 

21*8 

31*9 

25*0 

33*4 

23*6 

30*0 

49*5 

83*0 

59*2 

42*6 

18*4 

39*2 

40*4 

51*8 

55*8 

64-0 

40*8 

19*8 

37*6 

49*8 

40*0 

44*4 

40*8 

45*9 

23*2 

60*8 

54*8 

57*6 

28*8 

21*8 

25*6 

40*6 

32*6 

31*6 

21*2 

31*0 

24*8 

34*0 

41*2 

54*2 

48*6 

58*4 

40*8 

28*6 

22*6 

20*8 

30*4 

45*4 

42*6 

51*6 

23*6 

15*4 

14*0 

22*6 

15*2 

20*2 

17*6 

25*6 

21*6 

21*4 

14*2 

23*4 

16*2 

23*8 

20*2 

25*4 

29*0 

42*4 

30*0 

20*8 

22*8 

37-8 

30*4 


I 


300*8 

400*8 

12*4 

11*0 

16*7 

15*3 

20*8 

13*1 

20*2 

13*8 

14*9 

9*3 

19*2 

29*2 

38*3 

37*7 

45*8 

31*2 

37*6 • 

23*2 

23*3 

31*2 

471 

39*6 

42*7 

42*4 

43-3 

35 7 

35*6 

28-8 

1 32*6 

22*6 

19*4 

19*5 

1 30*3 

19*7 

32*4 

18*4 

1 13*9 1 

1 10*9 

' 24*7 

18*7 

1 23*1 

21*4 

, 18*7 

27*3 

, 34-3 

33*8 

1 39*7 1 

34*6 

1 40*5 ! 

34*4 

32*8 

32*5 

27*3 

31*5 

1 333 

24*5 

1 26*4 

25*6 

22*7 

17*8 

9*8 

' 8*9 

12*3 ! 

1 12*7 

16*4 

14*1 

13*4 

14*1 

12*8 ' 

1 14*0 

16*3 

18*5 

24*4 

21*3 

24*0 

18*5 

, 21*3 

17*7 

17*9 

, 10*3 


I 


• 26-0 22*6 

I 


1 

500's 

600*8 

10*8 

10*4 

10*0 

11*6 

13*4 

12*8 

11*0 

19*9 

21*2 

24*0 

29*6 

22*3 

28*4 

18*1 

19*8 j 

20*9 

25*0 

21*8 

29*0 

29*1 

37*8 j 

30*1 

32*8 

27*8 

30*0 

25*2 

22*3* 

22*7 

22*6 

17*7 

12*4 

11*9 

11*8 

9*9 

13*2 

10*2 

10*2 

10*2 

18*2 

22*9 

27*4 

27*5 

29*0 

27*6 

30*9 

28*1 

30*6 

30*0 

32*0 

35*9 

34*8 

27*7 

24*2 

24*1 

23*8 

20*3 

20*8 

! 16*3 

12*8 

11*2 

10*2 

9*8 

11*6 

10*8 

13*2 

14*1 

13*6 

15*1 

160 

14*9 

17*0 

13*8 

17*2 

15*5 

16*4 

12*0 

11*6 

9-0 

10*4 

9*9 

20*3 

18*8 
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»-SOME NOTES ON THE PERMEABILITY OF FABRICS 

TO AIR 

M. C. Marsh, M.A., B.Sc., A. liist.P. 

(Wool Industries Research Assoaation) 

INTRODUCTION 

The permeability of fabrics to air is an important property on which little 
work has been done. Without measurement, it can be realised that the 
fabrics in ordinary use cover a very great range of permeabilities. For 
instance, a rubberised macintosh fabric is practically impervious to air 
while many of the light fabrics, especially cotton, silk, and artificial silk 
offer very little resistance to the passage of air. 

The subject is significant in several connections. First and most obvious 
is windproofness which may involve relatively large pressures. The question 
of heat losses by convection is closely allied and in fact afforded the reason for 
starting the present work. This is treated in another paper by the present 
author^ as also by Sale and Hedrick® in a study of the heat-retaining pro- 
perties of fabrics. The pressures in this case, being due to convection, are 
much smaller. Thirdly, there is the permeability of fabrics to moisture 
which involves the measurement of the permeability to air. This has been 
recently studied by Gregory.® The subject also arises in connection with 
waterproofing of “porous*' fabrics, the aim there being to produce a fabric 
impervious to water while allowing a free enough passage to air for hygienic 
purposes. 

Previous Work 

As far as can be ascertained, very few papers have been issued dealing 
with air permeability of fabrics. 

Rubner in his “Lehrbuch der Hygiene" mentions some experiments on 
this subject. His results are given for i cm. thickness of material so are 
difficult to interpret. In the work of Sale and Hedrick® of the Bureau of 
Standards, connected with the heat insulation of blankets, the fabric was 
stretched across the top of a cylinder, the tension being i% of the breaking 
strength. A tube led from the base of the cylinder to the meter, from which 
connection was made to an aspirator so that air could be drawn through 
the cloth. Another tube led from the middle of the cylinder to the top of a 
reservoir, which was connected to a micro-manometer. The flow of air during 
a period of time was measured by a damp gas-meter and the pressure in the 
cylinder was measured by the micro-manometer. The air was used at 70® F. 
and 63% relative humidity and eddies were prevented by placing a fine mesh 
wire partition in the cylinder just above the outlet. A variation of 4% from 
the mean was obtained from samples of the same fabric. They found a 
critical pressure below which all readings must be taken to get a constant 
permeability. 

In more recent work at the National Physical Laboratory, Barr* passed 
air from a cylinder through the fabric. The pressure was measured by a 
special manometer in which the level in one limb is brought to a fiducial 
mark by a plunger in the other. The position of the plunger is a measure 
of the pressure. The quantity of air passing was measured by a flowmeter 
consisting of a capillaiy tube and manometer. He found a limit beyond 
which pressure and flow are not proportional and also that it was necessaiy 
to work with a definite humidity. 
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Gregory* used an apparatus very similar to that of Sale and Hedrick 
but the air was measm^ed by timing the flow from an aspirator. An ordinary 
manometer, with one limb much l^ger than the other was used. He found 
very great variation between different samples of the same fabric. 

Very recently there had been des- 
cribed a re-designed “Densometer."* 
A falling cylinder forces air through a 
known area of fabric and its time of 
fall is noted. The results are therefore 
essentially empirical but might be 
converted into absolute measurements 
with fair accuracy. 

EXPERIMENTAL 
Comparison with Fixed Resistances 
The first method attempted was 
that of comparing the pressure drop 
through the fabric with that in a fixed 
resistance when the same stream of air 
passes through both. This would 
eliminate the need for measuring the 
quantity of air flowing as this can be 
deduc'ed if necessary by calculation or 
by calibration of the resistance. 

For the measurement of the press- 
ures a thrce-limbcd manometer is used. 
This was constructed of wide tubes 
connected by smaller ones in order to 
secure damping of any oscillations 
which might be set up. As, however, 
it was necessary in this work to in- 
vestigate the behaviour under small 
pressure differences too small for an 
ordinary water manometer, a micro- 
manometer was constructed. In gen- 
eral principle this is similar to* the 
one described in the Dictionary of 
Fig I Applied Physics, Vol. I, page 640 (see 

Fig. i). The limbs are 4 cm. wide con- 
nected by a 5 mm. tube. From the top of the limbs side tubes lead to the 
apparatus. This U-tube is firmly fixed to a board . and to this are also fixed steel 
blocks through vertical holes in which pass stainless steel rods. The upper ends 
of the holes are opened out and contain meremy which acts as an airtight seal. 
The steel rods are held by springs against two micrometer heads with 
pointed shoes on the anvils. To the lower ends of the rods, hooks are attached. 
The steel blocks are connected by rubber tubing to a wide tube passing through 
rubber stoppers in the U-tube. In this way it is possible to get a rigid 
hook gauge without imposing undue stresses on the glasswork of the ap- 
paratus. Hook gauges were found to be preferable to dipping point gauges 
as they are less liable to error from vibration of water surface and the approach 
of the point to the surface can be seen by reflection in the water surface when 
viewed from below. These features we!^ felt to outweigh the advantages 
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of the very sharp rise of the water surface when the dipping point touches 
the surface. With this instrument it is possible to read to 0*02 mm. with 
practice without the use of a microscope. Strong, diffuse illumination of 
the point from the back was found to be a great help in accurate setting. 

The source of air pressure used was a 4 in, centrifugal fan driven by an 
A.C. induction motor. This gave a very steady air supply owing to the 
constant speed of the motor. This fan could be arranged for blowing, suction, 
or circulation. In the last case the rest of the circuit is made airtight as 
communication to the outer air was provided by leakage through the ball 
bearings on the fan shaft. 

The arrangement of apparatus for the comparison of a fabric with a 
standard resistance differed with the resistance used. 

I. 2. a 



Fig. 2 


The first arrangement is shown in Fig. 2 (i). A tube was provided 
with two flanged joints which could be held together with spring clips. The 
fabric was put into one and the orifice plate into the other, an air-stream 
passed, and the two pressure differences measured. The top of the tube was 
open. Care was taken to see that the flanges registered with each other. 
A difficulty was encountered when the apparatus was run for more than a 
short time as the fabric became choked with dirt. It was then decided to 
make a closed circuit including a filter containing wool soaked in glycerine. 
The tube was then modified to that shown in Fig. 2 (2). Leakages from the 
edge of the fabric were prevented b}’^ a mercury seal. With this arrange- 
ment the results were fairly consistent and the following types of resistances 
were used. 

(1) Orifices — ^Holes were drilled in thin metal plates and all burrs care- 
fully removed. These were clamped in the lower flanged joint 
between rubber washers. 

(2) Wire Gauze — ^The gauze was heavily varnished before use, leaving 
only a defined areain the centre. 

(3) Capillary Tube — The tube was fitted with a central flange so tHat 
it could be gripped between the flwged joint. 



3 — Some Notes on the Permeability of Fabrics to Air — Marsh T59 

(4) Glass Wool — A wider tube was put in the flange and packed fairly 
lightly with glass wool. 

(5) — Tapped Tiibe — A long glass capillary tube (i mm. diameter approx.) 

was drilled near its ends and T tubes slipped over and waxed in 
position. The two limbs perpendicular to the tube were connected 
to a manometer (See Fig. 2 (3)). 

Calibration of Reaiatances 

From preliminary comparisons of these different resistances among 
themselves it was found that the orifices, wire gauze and tube behaved 
similarly in not giving a straight line relation between pressure and volume 
per second, while the glass wool resistance and tapped tube gave an ap- 
proximately straight line. It was therefore decided to take the orifice and 
tapped tube as the representative of each class and calibrate them more 
accurately. 



FLOW ( C. C. PER SEC.) 

{a) Orifice (&) Tapped Tube 

Tig 3 

In the preliminary work a large calibrated vessel was filled with water 
from a constant head apparatus thus forcing air out through the orifice or 
tube to be calibrated. By allowing water to enter at the top, aU difficulties 
of varying head were eliminated. The inlet tube was surrounded by a wide 
glass tube to prevent splashing and the general spread of air bubbles. The 
time at which the water surface passed certain graduations was stop-watched. 
No temperature or humidity control of the air was used as, after a few meas- 
urements had been taken, a better method of calibration was adopted. 

Air from a controlled room at 70% R.H. and 73® F. was drawn through 
the resistance and metered by a standard wet t37pe gas-meter of known ac- 
curacy. The results were much more consistent than with the other method. 

Fig. 3 shows the calibration of an orifice and one of the tapped tubes used. 
It will be seen that the orifice gives the parabolic relation which would be 
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ejipected while the tapped tube gives a straight line at first and then a curve. 
The reastm for this curve is that the flow becomes turbulent. The critical 
point at which this happens is low compared with that given by Osborne 
Rejmold’s formula — 

V^o 

~SLS = 2000 
V 

where V, = critical velocity. 

d = diameter of tube in centimetres. 


Q = density in grms. per cc. 
r] = coefiicient of viscosity, 
(Z)»c/. App. Phys., Vol. I, page 35.) 



O 10 20 30 40 so eo 


PRESSURE DROP IN TUBE (M.M OF WATER) 

Fig 4 

In this case d^o-2$ cms., ^==0-00012 grms. per cc., »y==o-oooi8 C.G.S. 
units giving a critical velocity of 168 cms. per second, whidi is equivalent to 
60 cc. per second. The reason for this low value may be that the tappings 
were near the ends of the tube and when the critical vdocity was approached 
disturbance may have been set up by the ends. 

From these results it was deduced that for most fabrics, there is little 
deviation from a straight line relation between pressure difierence and flow. 

In this work the main interest is in the permeability at very small pressure 
differences. This may be taken as measured by the gradient of the curve 
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at the origin. With the parabolic form of curve such as is given by the 
orifice this gradient is very difficult to obtain but is relatively easy in the case 
of the straight line given by the tapped tube. The tapped tube is, tlierefore, 
a very suitable standard. The only other one with the .same law was the 
packed glass wool, but this is liable to change if jarred in any way. 

Using the tapped tube, many measurements on fabrics were carried out. 
Typical results are given in Fig. 4. The fabrics in order starting from the 
lower one are (i) flannels, (2) and (3) artificial silk fabrics, (4) flannel suiting. 
(5) waterproofed coating. 

Comparison of Fabric with Fabric 

This method allows one fabric to be compared with another very Vapidly. 
The two samples are put into the two flanged joints of the appaiatus shown 
in Fig. 2 (2). It was found that, in general, the relation between the pressure 
drop in the two for various rates of flow was not a straight line although not 
a very great deviation from it. 

It was felt, however, that the method was not satisfactory owing to the 
facts that — 

(1) The standard is not rep)eatable once it is disturbed. 

(2) The permeability of a cloth alters with humidity and diit. 

It is mentioned here as it might be useful as a rough commercial test. 

Direct Measurement of Resistance 

In all the work mentioned above, it was felt that there would be con- 
siderable difficulty in getting ('ontrolled temperature and humidity. It 
was found that slight variations of air permeability with time were caused 
by the conditioning of the fabric. 




This was entirely eliminated by using a method similar to that of Sale 
and Hedrick, the only essential difference being that the fan was used instead 
of an aspirator. A wet type gas-meter was employed and this with the fabrics 
to be measured was kept in a constant temperature and humidity room. 
Thus the whole apparatus was at constant tempt'rature and the fabrics were 
in equilibrium with the air pas.sing through them. AU variation of perme- 
ability with time was thus entirely eliminated and this method was used in 
the measurement of many fabrics for other purposes. It was also verified that 
the flow per unit area of the fabric is independent of the area. This was done 
by enclosing it between plates in which registering holes of various sizes were 
drilled. 
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Laiige variations were found from point to point in most fabrics. This 
might be eliminated to a certain extent by using samples of large area, but 
this would need a fan and meter too big to be convenient in the laboratory. 

For each determination of permeability a number of readings of pressure 
and rate of flow were made and plotted on a curve. This was in general 
only a very slight deviation from a straight line and passed through the 
origin. The gradient of the curve at the origin was taken as a measure of 
the permeabihty of the fabric and the absolute value calculated as the volume 
of air (at 73® F., 760 mm., and 70% R.H.) passing through i sq. cm. of the 
fabric imder a pressure of i cm. of water. This determination was repeated 
at a number of places on each sample when accurate results were desired but 
in some of the work for which the apparatus was used the range of perme- 
abilities was so great that it was sufiicient to get the order of the result and 
only one determination was necessary. 

Typical results are shown in Fig. 6. This apparatus was used in connec- 
tion with work on thermal insulation, which should be referred to for detailed 
results of many different types of fabric. A few examples are given below. 


Description of Fabric 

Details of Wea\e or Knitting 

L _ 

Permeability 
(in cc. per 
sq. cm. per 
gm. per sq. 
cm.) 

Knitted artificial silk 


28 wales. 32 courses 


...1 

1225 

Artificial Silk (Celancse) ... 


1 ’lam weave 


•••1 

981 

Sheer linen 


Plain weave 


1 

...j 

700 

Aertex cotton 


342 holes per sq. in. 



377 

Knitted wool 

. . . 

26 wales. 34 courses 


1 

363 

Aertex cotton and artificial silk... 

736 holes per inth. 


...) 

:i06 

Aertex cotton and wool . . . 


121 holes per inch 



280 

Knitted cotton 


25 wales. 36 touiscs 



252 

Yorkshire flannel 


Plain w-cave 


1 

153 

Pure silk crepc-de-chine . . . 


Plain weave 



140 

Knitted wool 


20 wales. 26 courses 


• • *1 

121 

Artificial Silk (Cclanese)... 


Plain weave 



89 

Wool blanket 


Plain weave 



89 

Army blanket 


Plain weave 



58 

Wool and cotton blanket 


I’lain weave 



49 

Pure silk tafieta 


Plain weave 



45 

Wool blanket 


4-&haft satin weav e 



45 

Naval suiting 


2/2 Twill weave ... 



43 

Flannel (Yorkshire) 


Plain weave 


•••! 

43 

Angola shirting, wool and cotton 

Plain weave 



41 

Wool and cotton blanket 


Plain weave 



41 

“Aero" linen 


' Plain weave 



18 

Unbleached calico 


Plain weave 



14 

Proofed coating 


, 2/2 Twill 



10 

Woollen undercoating . . . 


1 2/2 Twill 



10 

Felt 




1 

10 

Artificial Silk (Celanese) ... 


' 2/1 Wai p Twill . ! 


...| 

10 

Khaki overcoating 


! 2/1 Weft Twill ... 



7-3 

Barathea 


1 2/2 Twill (Hopsack) 


• • *1 

5‘7 

Linen duck 


1 Plain weave 


•••t 

2-8 

Uses 


As mentioned before, permeability to air comes up in several branches 
of the study of fabrics. The apparatus described has been used in connection 
with thermal insulationr windproofhess, and waterproofness. 

A further use, which is thought to be new, has been found. It is now»being 
investigated fully but preliminary results may be mentioned here. When 
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a fabric is milled its permeability to air decreases to a marked extent. This 
effect was first discovered in felts but it also applied to all kinds of cloths. 
Several examples are given below of low woollen cloths commercially milled. 


I^escription 


I-ow woollen cloth 1 
Low woollen cloth 2 
I.ow woollen cloth 3 
Low woollen cloth 4 


Volume passing per sec. Percentage 


for pressure of 1 cm. 

Decrease 

Unmilled 

Milled 


56 

39 

30% 

96 

63 

34% 

93 

38 

59% 

1 74 

58 1 

22% 


A cream woollen cloth showed a decrease of 38% on normal milling and 65% 
when the milling was carried on to an abnormal extent. 



The.se figures aic of a preliminary nature only but sliow clearly that 
there is a definite decrease in permeability on milling. Attempts are now 
being made to find the relation between time of milling, permeability, thick- 
ness, and shrinkage. The results will be given in a later paper. It is possible 
that permeability to air may be used as a measure of the amount of milling 
of a fabric. 
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4— EXPERIMENTS IN FABRIC WEAR TESTING -I 

Submitted for publication $th September 1930 

By H. Crawshaw, M.Sc.Tech., W. E. Morton, M.Sc.Tech., A.T.I., and 

K. C. Brown 

INTRODUCTION AND SUMMARY 

Among the points upon which information is required in connection 
with the design of a satisfactory wear tester are the following — (a) The effect 
of varying the manner in which the test-piece is mounted in the machine: 
(J) The nature of the progressive fall in strength as the wearing proceeds; 
and (c) The relation between the two criteria of the resistance to wear which, 
in addition to that of appearance, have been so far suggesteci, namely, loss of 
strength, and loss of weight. These are dealt with in the first part of the 
paper in so far as they affect the machine used, which was the same as that 
already described by Morton and Turner.® Tn this machine, the sample is 
cut to a two-inch width, is clamped at each end over a specially ridged base- 
plate, and is subjected to a to-and-fro abrasive action of a suitably loaded 
but non-revolving * 'Carborundum” cylinder which rests upon it. 

Under the heading of (a) it was found that tor practical purposes it is 
immaterial what tension is used for mounting the test-piece over the base- 
plate; under (6) it was found that the manner in which the strength of a fabric 
is reduced during its wearing life cannot be assumed to be the same as for any 
other fabric, since it depends on the precise nature of the warp and weft 
interlacement; while under (c) it was not found possible to reconcile the two 
quantities concerned. 

Consequent upon the findings under (6), an additional test w^as made to 
determine whether the tension on the warp during weaving has any effect on 
the wearing properties of the fabric. The results were on the whole negative, 
but it was found that the warp tension affects the breaking load to a con- 
siderable extent The latter finding wall form the basis of a further com- 
munication. 

The second part of the present paper is concerned with the consistency 
and reliability of the abrasive medium itself, the objects of the tests being 
to obtain some idea of the effective life of the “Carborundum” cylinder, and to 
probe the question of finding an abrasive which could be standardised. The 
results of these experiments indicated that, while there ought to be ver>* 
little difficulty in designing an instrument which over a long period will give 
consistent results in comparative tests, the problem of standardising an 
abrasivt' such that any one machine will give the same results as any other 
under similar conditions will be very difficult if not impossible to solve. 

During the course of the second part of the work, it was found necessary 
to re-design the cross-head that carries the “Carborundum” cylinder in order 
to allow a greater proportion of the surface of the latter to be utilised in each 
test. The modifications of the original design which are involved are 
described. 

EXPERIMENTAL METHOD 

In the experiments described here, the measure of a fabric's resistance 
to wear w^as taken as the proportion of original breaking strength remain- 
ing in the samples after a definite period of rubbing. This method oi esti- 
mating the effect of wearing seems to be preferable to those adopted by 
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Hosier,^ Kapff,* Repenning,* Smith® and Myers,* in which the wearing 
quality of the fabric is either judged by the change in its appearance, or 
measured by the length of time required to wear it out completely. It is 
true that in certain iinished cloths, changes in appearance caused by wear are 
more important than changes in strength, and consequently the former 
method would appear to be the most suitable in such cases; but on tlie other 
hand, the test leaves too much to the personal judgment of the observer, 
and the results cannot be expressed in figures. 

The second alternative method given above also has its disadvantages; 
for not only is a greater length of time needed for the test, but also, with 
the machine as used for the present work, very irregular results are obtained. 
This is principally owing to the irregular manner in which the first small 
hole that app)ears spreads across the whole of the test -piece under the plucking 
action of the abrasive. 

The method of testing is as follows. A sample nine inches long by two 
and a quarter inches wide is cut from the piece of cloth to be tested in exactly 
the .same way as samples are cut when testing for cloth strength. The sample 
is frayed down until it is two inches wide, and, where the rubbing is to take 
])lace. the edges are carefully trimmed. It is now placed in the jaws of the 
wear tester so that it is exactly parallel to the path of the '‘Carborundum" 
stick. The tension on the sample must be uniform all across its width. 
A suitable way of ensuring this is to fa.sten the sample securely in the back 
jaws and to attach a suitably loaded paper clip to the other end, allowing 
it to hang freely over the end of the bed-plate; then to tighten up the front 
pair of jaws. 

The rubber is set in motion and allowed to act upon the fabric for a 
.suitable period of time* which should be determined by trial before the 
experiment proper is commenced. On the expiration of the time of rubbing 
the machine is slopped and the sample is removed from the jaws and tested 
for strength in the ordinary way on a Goodbrand cloth tester. Then a 
similar sample of cloth, taken from the same piece, and made from tlic same 
warp ends if the test is being carried out warp way, or from the .same picks 
if the test is being carried out weft way, is tested for .strength without 
having been rubbed in the wear tester. The figures thus obtained show how 
much strength the fabric loses due to the abrasive action of the ‘ ‘ Carboi undum ; ’ ' 
and by repeating the test about ten times a significant value for the mean 
strength lost can be obtained. 

In every case the order of testing was arranged so that any change in 
atmospheric conditions, or in the abrasive properities of the “Carborundum", 
would be averaged out over the whole test. Thus, for example, if ten tests 
are to be made from four different fabrics, number one sample from each lot 
in succession is tested, followed by the number two samples; and so on until 
all ten of each are tested. In a like manner, where a number of lots from 
the same cloth arc being tested to observe the effects of varied treatment, 
the samples are so taken that whatever variations exist in both warp and 
weft are as far as possible represented equally in all the lots. For simplicity 
of reference on future occasions, this generd precautionary system will be 
referred to as the "Rotary" system of sampling. 

*1x1 the later stages of the work, a Veeder counter was fitted to the machine, so 
that a constant number of rubs was substituted for a constant period of rubbing. 
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THE SIGNIFICANCE OF THE VALUES OBTAINED 
Twenty warp way samples were taken from the same piece of bleached 
calico having 78 en^ per inch, 64 picks per inch, 30*5 warp and 30's weft, 
and were each subjected to three minutes’ rubbing. The imrubbed breaking 
load of this particular cloth had previously been foimd to be 72-1 lb. per two 
inch width, and the load on the rubber was adjusted so that the samples lost 
about 50% of this in the time given. The results of the strength tests 
on the samples worn in this manner were as follows — 

45. 46> 4o» 44. 46, 43, 43, 44» 47* 4i» 

42, 47, 43, 41, 44, 34, 38, 41, 36, 48, 

Mean =42*6 ± 0-5 lb. 

From these figures it was decided that ten tests would be enough to ensure 
a sufficiently accurate mean, since the probable error of the mean would then 
be only about 2%; and throughout this papcT, unless it is stated to the 
contrary, it may be taken that this number of tests were made in the deter- 
mination of each mean. 

THE EFFECT OF VARYING THE TENSION EMPLOYED IN MOUNTING 

THE SPECIMENS 

In this experiment four plain cloths were used having the following 
particulars — 


(i) Balloon type fabric 

... 132/128 .. 

. 60/70 

(2) Light weight fabric 

... 68/68 .. 

. 32/26 

(3) Medium weight fabric ... 

70/80 

. 28/26 

(4) Heavy weight fabric 

... 69/36 .. 

• 25 / 7 i 


The various tensions were obtained by suspending suitable weights to the 
paper clip used for mounting the samples. For fabrics 1,3, and 4, the weights 
employed were i*o oz., 8*5 oz., and 15*3 oz., all the specimens being rubbed for 
three minutes before being tested for strength. In the case of fabric number 
2, which was tested at a later date, the weights were 27 oz., 97 oz., and 
177 oz., with a period of rubbing of i| minutes. At regular intervaLs during 
the test, unrubbed samples of each type of cloth were tested for strength in 
the same way in order to determine the strength lost. 

The results are given in Table I, from which it is seen that within the 
limits employed, tlie tension on the sample has no significant influence 
on the strength lost by the fabric during wearing. In no case is the ratio 

Difference between means ^ 

—7— — r-T — rrr: greater than 2-4*. 

P.E. of the difference 

As a result of this experiment it is evident that no special precautions 
need be taken to ensure constant tensions in all the samples; in inserting the 
samples in the machine it is only necessary to pull them tight so that they 
lie flat on the base-plate. 

Theoretically an increase in the tension on the sample ought to cause the 
cross threads to rise more to the surface of the fabric and so cause them to 
wear away more quickly-(sce p. 167). 

*lt 18 recognised, of course, that the values of the probable errors are only approximate 
in cases like this where the numbers of observations are small. 
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It may therefore be assumed that the tensions likely to be used in adjust- 
ing the samples between the jaws of the tester are not great enough to affect 
the relative positions of the warp and weft threads. 


Table I 

Breaking Load in Lb. per 2-in. Width 


Fabric 

Wearing 

..... 

Low 

Medium 

High 

No 1 Warp Wap ... 

1000 

Tension 
77-4 i:2*0 

Tension 

73-511-4 

Tension 

77-011-8 

No. 2 

59-8 

371 i-0-9 

39-310-8 

36-610-8 

No. 2 Weft Way ... 

76*8 

4M-il0 

40-610-6 

42-211-1 

No. 3 Warp Way ... 

68-8 

52-01. 1*2 

47-911-4 

49-1 11-6 

No. 4 

1670 

135-4 dr 1-2 

136-113-1 

136-5 -i 1-6 


THE MANNER OF WEAR OF COTTON FABRIC 

The way in which cotton fabrics lose strength during the laboratory 
test was studied for a large number of fabrics by maintaining a constant 
load on the abrasive, and observing the strength lost after varying rubs. 
The relation between strength and period of abrasion has already been 
tentatively examined by Morton and Turner, and it has been suggested 
that the nature of the relationship is very largely influenced by the extent 
to which one or other of the sets of yams predominate on the surface of the 
cloth. The tests carried out by us support and amplify this conclusion. 

In the cloth in which the ends and picks are the same, and the counts 
of warp and weft are the same, this depends principally on the relative 
“take-ups.”* Thus, when the “take-up” is greater in the warp direction 
than in the weft and when the test is made in the weft direction, a certain 
amount of energy has to be expended in wearing away the warp before the 
abrasive can effectively attack the weft. In such a case the plotting of 
strength against the rubs will show a relatively flat-topped curve for the 
initial stages of wearing (see Fig. j). 

The extent of this relatively flat top will depend presumably, on the degree 
of protection which the warp affords the weft and this, in turn, will be con- 
ditioned by the relative “take-up” and the relative quality of the yams. 

Under the same conditions when the test is made in the warp direction, 
the warp threads are exposed to the abrasion straight away, and the wear- 
strength curve will show a relatively sharp decline from the beginning, 
flattening out later according as the gradually exposed weft threads absorb 
an increasing proportion of the wearing energy (see Fig. 3). 

Where there are differences in ends and picks, and in counts and qualities 
of warp and weft, the relative yarn “take-ups” are no longer indexes of the 
degree of protection afforded to on(' set of threads by the other, but the shape 
of the wear-strength curves will still be determined on the same general 
principle. 

Consideration of the foregoing, and the results of tests made on many 
different fabrics, show that the progressive weakening of a fabric, due to wear 
in any given direction cannot be characterised by any simple law: and from 
this it follows that the strength lost after a given number of rubs is no basis 
for computing the strength which would be lost after any other number 
of rubs. 

•This word has been adopted as descriptive of that function of a woven yam which 
is variously termed “regain/' “crimp/* “take-up,*’ etc. 
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DEFINING WEARING QUALITY 

Wearing quality other than as determined by appearance, may be defined 
in two ways, either (i) as the strength remaining after a given amount of 
abrasion, or (2) as the amount of abrasion necessary to reduce the strength 
to a given figure. If the amount of abrasion is the constant factor, it is 
possible for a comparison between two fabrics to produce different results 
depending on the amount of abrasion decided upon. This arises directly 
out of the variation that exists from fabric to fabric in the shape of the 
wear-strength curve. An h5q)othetical example of this is provided in 
Fig. I, where fabric A would be shown to be the better at 150 rubs and the 
poorer at 350 rubs. How often such an event as this will occur in practice, 
it is difficult to say, but the possibilty of it happening cannot be ignored. 
The selection of the most appropriate testing conditions is therefore 
likely to prove a difficult problem. 



In so far as strength may determine the life of a fabric, it would be more 
reasonable to define the wearing quality as the amount of abrasion it will 
stand before the strength is reduced to some unsafe limit. Such a definition, 
however, would involve a rather more complicated testing procedure. In 
the case of each fabric, trial and error tests with single test-pieces would have 
to be made to determine the number of rubs which, with a suitable load on 
the abrasive, would result in (a) a worn strength slightly greater tl^an the 
previously fixed "safe" limit, and (6) a worn strength slightly less than the 
"safe" limit. With a little experience, this may be done in a matter of five 
or ten minutes. In this manner, two conditions of test would be decided 
upon which, when, say, ^o tests have been made under each, would give two 
points on the wear-strength curve in the neighbourhood of the •"safe" 
strength, as illustrated at aa and bb in Fig. i. Provided these points are 
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not too far apart, the number of rubs necessary to protiuce exactly the 
''safe** strength may then be found with very little error by interpolating 
on the assumption that the wear-strength curve is a straight line between 
the points. 

But here also, there is the problem of defining the testing conditions. 
It will be seen that fabric A would be shown to be better than B if the 
limiting strength were fixed at 70 lb. Logically, the comparison should be 
made under conditions which correspond to normal usage; but the magnitudes 
of the stresses which ultimately cause the breakdown of fabrics in actual 
use are unknown in all but very rare cases; and futlu r the> cannot be inferred 
with any degree of accuracy from the original fabric strengths. 

It would seem, therefore, that with neither of the above definitions of 
wearing quality can conditions of test be jnescribed whic h will represent 
actual usage with accuracy. Testing to destructions presents a no bettei 
case; for it is really only a particular fonn of the testing conditions referred 
to in the last paragraph, and the liability to produce fallacious result.s is. if 
an>i:hing, at a maximum. 

In the circumstances it would .seem best to adopt that form of test vvliich 
is the simplest and most quickly made. It is .suggested, therefore, that 
wearing quality be measured by the strength left after a given amount of 
abra.sion. The “given amount of abrasion** is a quantity compounded of 
the abrasive properties of the cylinder, the load on the cylinder, and the 
number of rubs; and must be prescribed arbitrarily by the tester according 
to circumstances. Our own experience is tliat the test is made most con- 
veniently and accurately when the amount of abrasion is fixed so that the 
I0.SS of strength is roimd about 50 por cent. In fabrics where, in use, the 
wearing and stressing both operate principally in one direction- - sav the 
warp — then the tests are made onl}^ in the warp direction; but where a fabric 
is subjected to wear and stress in both directions equally, tests are made 
in both warp and weft directions; and whichever of these has the lowest 
residual strength determines the wearing quality. 

THE RELATION BETWEEN LOSS OF STRENGTH AND LOSS OF WEIGHT 

For the testing of jute matting and other similar fabrics it has been 
suggested that the wearing properties can be estimated by the weight lost 
during a given period of abrasion. For general purposes, however, and 
especially with the test method used here, this does not appear to be as 
accurate as determining the loss of strength, since many fabrics, particularly 
the lighter types, lose very little in weight, and the risks of experimental 
errors are much greater. Furthermore, it is extremely difficult to remo\T 
all the fluff from the worn sample. Investigations were carried out however 
to ascertain whether any relationship exists between the strength lost and 
the weight lost by any particular fabric duration abrasion. 

Four groups of ten samples each were treated in the wear tester for 100, 
150, aoo, and 250 rubs respectively. The samples were weighed on a chemical 
balance before wearing; brushed gently to remove the fluff and loose fibre 
after being subjected to the required amount of abrasion; tested for strength 
in the usual way; and the broken samples again weighed to determine the 
weight lost. The results obtained are shown in Table II and plotted in Fig. 2. 

It will be observed that while the curve for strength lost rises rapidly 
at first and more slowly later, the curve for weight lost does exactly the 
opposite, rising gradually at first and more rapidly afterwards. 
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This is due to a combination of two circumstances. In the first place, 
it requires only a small number of fibres to be removed from the exposed 
surface of the yams to upset the equilibrium of their structure and so cause 
considerable loss of stren^h; and futher abrasion, while continuing to damage 
fibres hitherto unaffected, continues also to remove portions of those fibres 
whose usefulness has already been impaired by previous severance. And in 
the second place the weight lost is that of both warp and weft, whereas the 
strength lost is measurable in only one direction. On this account, whatever 
relationship exists between these two quantities, will vary from fabric to fabric 
according to the relative amounts of warp and weft on the surface. 


Table 11 


Number ol Strong Lost Weight Lost 

Rubs Tb minzis. 

100 77-(.' 1-69 

150 99-7 2-34 

200 nO-3 3-70 

250 125-6 5-13 

Strength bufoie wearing equals 175-3 lb. 



I 

I 

I 


THE INFLUENCE OF WARP TENSION DURING WEAVING ON THE 
WEARING BEHAVIOUR OF PLAIN CLOTH 

Following on the findings to which reference has just been made, experi- 
ments were next carried out to determine the extent, if any, to which the 
warp tension might be capable of so changing the take-ups in the two 
sets of threads as to chhnge the wearing properties of the fabric. 

Tests were made with three different plain fabrics, var5ring warp tension 
in each case being obtained by adjusting the weights on the let-off motion. 
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It was hoped that, in at least one of the cloths tested, the low tension might 
leave the warp with the greater regain, and that the higher tension would 
make the weft do the greater amount of bending; but this was not realised. 
In the first cloth tested, which was almost a poplin in structure (76 x 70, 
2^50/32), the ends were too close together to allow the weft to do any more 
than a limited amount of bending Consequently, although the high warp 
tension decreased the warp regain while increasing that of the weft, the 
former still remained the greater (see Table III). In the case of the second 
cloth tested (78x72, 32/40), the same state of affairs existed, though to 
a lesser extent, and the differences between warp and weft regains were, 
therefore, not so great. On the other hand, the third cloth tested (72 <72, 
36/40), was of such a structure that even with the low tension the weft regain 
btill remained considcrablyjgreater than that of the waq^ 


xoo 



XUIBR or KTJBS 

lie. J 

Fdbiic No I 70x70 2/5032 

In each case the wear-strength curves of warp and weft directions were 
obtained by subjecting the fabric to varying numbers of rubs, the load on 
the rubber being adjusted to suit the character of the cloth. The results 
are given in Table III, and the curves for two of the fabrics are given in 
Figs. 3 and 4. 

In general it was foimd that in all three fabrics, varying the tension 
during weaving produced only a small change in the shape of the wear- 
strength curves. This was so even in the case of the first fabric, where the 
increase of tension produced a considerable change in the relative regains; 
the weft curves both showed a prominent flatness at the beginning, and the 
warp a corresponding sharp decline. This seems to indicate that the wearing 
quality of a fabric is very sensitive to the degree of yam exposure on the 
surface, a possibility easily understood, since, as already stated, it requires 
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only a little of the yam surface to be removed before the bending forces 
holding that yam together are set free. 

On the whole, the results obtained were inconclusive, although it is 
possible that certain stmetures in which the regains might respond more 
sensitively to the warp tension during weaving might show some eftect. 

It will be observed that in Fabric No. 3 it is the warp curve that shows 
the flat top at the beginning, and not the weft curve, as in Fabric No. i. In 
the former case the ratios of warp to weft regains are less than unity, while 
in the latter the ratios are greater than unity (see p. T71). 



Fabric No 3. 72 X 72. 36/40 


In plotting the curves in Figs. 3 and 4, the values of the unworn 
strength have been taken as 100 in each case in order to simplify comparison 
as to curve shape; but reference to the actual strengths given in Table III 
brings up an interesting point in connection with the effect of warp tendon 
on fabric strength. Fabric No. i shows a very considerable increase of 
strength in both warp and weft as the tension increases. The fact that the 
same effect is less evident in Fabric No. 2 and not at all in No. 3 indicates 
that it is restricted toicertain structures, but it is evidently of some import- 
ance, and further research is being imdertaken to investigate th^ matter 
more fully. 
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Table ill 

Breaking 



Warp 

Regain 

I^acl 

Breaking Load after Wearing, Lr 

Fabric Tension 

unrubbed 








lb 

50 rubs 

125 rubs 

200 rubs 

275 rubs 

No. 1, Warp way 

High 

10*9 

224*9 

180*4 

140*5 

98-0 

77-6 

Low 

19-4 

188*« 

159*6 

99*8 

63*9 

51-3 





125 rubs 

175 rubs 

225 rubs 

275 rubs 

Weft w'ay 

High 

8*5 

1010 

93*8 

79-8 

73*4 

65*5 

Low 

5*3 

87*8 

79*1 

74*9 

65-6 

57*4 





100 rubs 

250 rubs 

400 rubs 

550 rubs 

No. 2, Warp way 

High 

5*4 

98-5 

93*9 

64*9 

40*5 

19*1 

I-ow 

7 3 

96*1 

93*1 

67*9 

41*9 

190 

Weft way 

High 

5*1 

90*5 

84*8 

61*9 

44*6 

- 


Low 

5-3 

79-8 

70*3 

57*5 

41-3 

24*2 





125 rub.s 

250 rubs 

375 rubs 

500 rulxs 

No. Warp wa\ 

High 

2-9 

63*3 

61*6 

49*5 

29*9 

17*9 

Low 

3-6 

63*3 

58*0 

47*9 

22*3 

16*4 





75 rubs 

1 50 1 libs 

225 rubs 

300 rubs 

Weft w^a\ 

High 

n-9 

79*9 

74* 1 

57-9 

50*9 

300 


1 .ow 

11*6 

77*8 

62*0 

46 1 

38*8 

30*(» 


CONSIDERATIONS OF THE ABRASIVE 
The Consistency of a Single “Carborundum” Cylinder 

Al rc‘gular intervals throughout certain of the foregoing experiments 
tests wt*r(‘ made to see it the prolonged us(* had any effect on the abrasiv(* 
])roperties of the “Carborundum*' cylinder. The fabric used foi this puq)ose 
was an ordinary calico, 70/70, 30/30. One sample of this was rubbed lor three 
minutes and tested for strength in the usual way after ten tests in the above- 
mentioned experiments. The* re.sults are shown in Table IV from which it is 
evident that no deterioration took place in the wearing powTr ot thi‘ “Car 
b(;rundum” during tlu' spac<' of time occupied by the test, about ten hour^’ 
(’ontinuous abrasion. 

Table IV 


Mean Breaking Load before Wearing 70-5 lb. 


Sample 

R. H "0 during 

Tost miiflo 

Ihi'cikiiig Load « 

No 

'lost 

aftoi 

\V»*drnig, lb 

1 

82 

10 tests 

50 

2 

88 

20 

42 

3 

84 

30 .. 

50 

4 

87 

40 

46 

5 

82 

50 .. 

48 

6 

80 

60 . 

45 

7 

82 

70 . 

48 

8 

82 

80 .. 

42 

9 

86 

90 

so 

10 

80 

100 

48 

11 

78 

110 

47 

12 

72 

120 „ 

45 

13 

72 

130 „ 

40 

The Variation in a 

Single “Carborundum 

” Cylinder 



In the wear tester as described by Morton and Turner the carborundum 
cylinder was fixed so that one surface only was maintained in use. After 
})rolonged abrasion that face would undoubtedly be worn flat and a fresh 
face would have to be brought into operation. It was desirable, therefore, 
to know whether the cylinder possessed the same abrasive proj)erties^ all 
romid its surface. 
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The surface of the cylinder was divided into eight parts by means of 
marks made with white paint on the end of it. A similar mark was made 
on the bracket in which the cylinder was carried. Warp samples of the 
usual dimensions were cut from a cloth of the following particulars — 78/42, 
2/50/24. 

The cylinder was fixed in the machine so that one of the marks on its end 
was opposite the mark on the cross-head. One of the samples was placed 
in the tester and rubbed for three minutes, its strength being then found. 
The cylinder was now loosened and turned round until the next paint mark 
was opposite the mark on the cross-head, and another sample was tested. 
This order was repeated until each of the eight portions of the cylinder had 
been used, and then until ten results had been obtained from each portion. 
By adopting this order of testing, a satisfactory mean was obtained for the 
wearing power of the eight surfaces, and furthermore, the effects of any 
change in atmospheric conditions were eliminated. The results are given 
in Table V. 

Table V 

Mean Breaking Load before Abrasion— 166*5 lb. 

Swtion No ... ...... 1 2 3 4 5 6 7 8 

Uri-aking load aftei abrasion, lb. 70-7 89 0 73-3 105-4 76-9 30-2 63-1 72-7 

The commercial silicon carbide abrasive cylinders used in this machine 
did not exhibit perfectly uniform “textile*' abrasive properties at all parts 
of the testing surface. The following variable factors were assumed to 
account for this — 

(1) Density of structure. 

(2) Orientation of plates and needle-shaped grains. 

(3) The “finish" or dressing of the grinding surface by the manu- 

facturer. 

The manufacturers stated that the density might be expected to vary 
slightly in the particular cylinder(s) tested especially between opposite ends 
of one diameter. 

Splinters or needle-shaped grains, also plate-like grains, would show a 
tendency to set themselves lengthwise at right-angles to the direction of the 
compacting force during manufacture, which in this case was pcqx^ndicular 
to the axis of the cylinder. 

The grinding faces of the cylinders were given a commercial finish by the 
makers by means of the usud dressing tool. It is quite possible for this 
to leave an uneven finish from the point of view of testing cloth with a non- 
rotating cylinder. We are advised that special methods could be developed 
in manufacture to give practically uniform distribution of density and abra- 
sive properties. 


THE RE-DESIGN OF THE GROSS-HEAD 
In view of the above results the cross-head carrying the cylinder was 
rc-designed to accommodate a larger cylinder and at the same time to allow it 
to revolve a small amount at the end of each complete traverse. 

Two ratchets with their teeth in opposite directions are fixed on one side 
of the roller shaft and are operated upon by catches. At one end a catch 
is fixed to the cross-head and acts permanently on the ratchet, so pitventing 
the cylinder from revolving in one direction. At the other end a catch with 
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a long arm is fulcmmed on the lowest portion of the cross-head and so pre- 
vents the roller from revolving in the other direction. Normally, therefore, 
the two catches hold the cylinder firm and cause it to wear the cloth; but 
when* the cross-head approaches the front of the machine tlie latler catch 
is acted upon by the stop on the bed-plate and lifted clear of the ratchet 
so that the cylinder can revolve a little. When, however, the cross-head 
reverses, the cylinder is prevented from moving back into its original position 
by the catch at the opposite side of the roller. 

It should also be observed that when carrying out the preliminary trials 
of the new cross-head it was foimd possible to wear out the sample sufficiently 
quickly without the aid of the ridge on the base plate. The latter was, 
therefore, dispensed with. It was also found that by suitably adjusting 
the ratchets and pawls a small strip of cloth at about the centre of the 
traverse was worn when the cylinder was travelling both backwards and 
forwards whilst the other portions were worn only when the cylinder was 
travelling in one direction. In this way the more intense wear was 
concentrated as had hitherto obtained. 

With this ratchet and pawl device the cylinder was made to revolve 
slightly at the end of every complete traverse and expose a fresh surface 
to the cloth. Thus by arranging the number of rubs in every test so that 
the cylinder made a number of complete revolutions, the variations in 
the abrasive properties of the various jjortions of the cylinders' surface 
averaged out. 

THE VARIATION IN ABRASIVE POWER FROM CYLINDER TO 

CYLINDER 

The next experiment was carried out to discover what kind of variation 
in the abrasive power existed among a number of “Carborundum" cylinders, 
and for this purpose six such cylinders all designated 60K were used on 
samples from the same piece of cloth. The usual order of Rotary sampling 
was adopted, and the wearing power of each cylinder determined by allowing 
it to act for loo rubs on each of ten samples. The results which are given 
in Table VI show what a wide variation was found to exist. While the 
samples rubbed by cylinder No. i had a mean strength of 82*4 lb., those acted 
upon by cylinder No, 4 had a mean strength of onlv 5o-4 lb. 

Table VI 

Mean Breaking Load before Abrasion 172*6 lb. 

Roller No 1 li 4 5 « 

Breaking load after abrasion, lb. 82*4 78*2 67-2 50*4 80*3 69-5 

A further supply was then obtained from the Carborundum Company Ltd. 
of six cylinders which had been specially piocessed and finished in order to 
obtain as far as possible a similar surface on eacli. These were tested in 
the same way as before, and the results were as shown in Table VII. 

Table VII 

Mean Breaking Load before Abrasion ==^172*6 lb. 

Roller No 1 2 3 4 5 6 

Breaking load afU*r abrasion, lb. 72-9 73-0 52-2 79-9 77*1 80*8 

W E*. of means 1 3-3 3-0 0-9 3-0 2 1 3-4 

It will be observed that five out of the six rollers possessed similar abrasive 
properties, which was an improvement on the previous test; but the figure 
obtained for roller No. 3 indicated that the production of a standard 
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abrasive for the purpose of this test might prove a very difficult, if not 
impossible, problem. 

Further trials were then made with abrasives obtained from two other 
sources— six rollers of '^Crystolon'* 60J from the Norton Company, and six 
rollers of '*Hy-tens’* 60J from the Precision (irinding Company. Twelve 
tests were made with each roller, the results obtained being as follows — 


Table Vlll 


Mean Breaking Load before Abrasion 189 lb. 


Koller No 

llreaking load after abrasion. 
'‘Crystolon'* BOJ (200 rubs) 

"Hy-tens” 60 J (ISO rubs) 


1 

2 

3 

136-8 

136-6 

134-3 

4.1-52 

42-00 

i 2-49 

77-8 

77-1 

70-3 

1 2-25 

+ 1-98 

J 1-77 


4 5 6 


131-9 

137-1 

144-3 

.1.1 -78 

tl-95 

11-85 

69-1 

72-8 

66-1 

-2-48 

- 1-52 

4-2-11 


The highest value was 12*4 lb. greater than the lowest in the case of the 
*‘Crystolon** 60J, and 117 lb in the case of the “Hy-tens*' 60J. The latter 
evidently produces more rapid wear, for both sets of rollers were tested on 
the same cloth. 

Although these last series (rf tests showed a marked similarity between 
the rollers in their respective sets, it nevertheless seems to us that the uni- 
torraity obtained is not sufficiently near to jHTfection to warrant the adoption 
outright of a standard abrasive. Furthermore, each lot of rollers were made 
at the same time, and therelore might be expected to give more unilorm 
results than rollers turned out from different batches at inte^rvals of several 
months. 

It is, therefore, concluded that, if the kind of wear test dealt with in this 
paper can ever be adopted as a standard test, and if machines are to be ob- 
tainable which will all give comparable results, then it will be necessary to 
test every abrasive cylinder against a single standard and discard as un- 
suitable all that differ from it by more than some fixed and narrow margin. 
This would, of cour.se, necessitate a thorough investigation of the consistency 
over a very long period of the abrasive power of any material from whicli 
the standard is to be made, for although it has been already shown that 
with a •* Carborundum" cylinder no change took place over a total j^riod of 
10 hours' use, the standard would have to be used for a very much greater 
length of time than that. 


REFERENCES 

* Hevrman, “Mechanise h un<l I'hvsikalisch-techmsch 'rcxliluntcrsuchiingfn,” p 230. 

“ Kaph, TfxtilbmchU*, p iSi 

* W. K Morton ami A. James liirner, j Text Inst., 1928, 19 , T189. 

* W Myerb, Tran.s. Nat Assoc ( otton Mbs , I'.S A , No gi, p 100, and No 97, p. i Ji 
^G. K Smith “Testing the StnMigth nl Matmals, Cotton, and Linen,” §73. 


Textile Department 

College of Technolog\" 
Manchester 



m 


THE JOURNAL OF THE 

TEXTILE INSTITUTE 

TRANSACTIONS 

5— RANDOM AND SYSTEMATIC SELECTIONS OF WARP 
SPECIMENS IN CLOTH SAMPLING 

A. J. Turner, M.A., D.Sc. 

(Indian Central Cotton Committee Technological Laboratory. Matnnga. Bombay) 

SUMMARY 

This note discusses the relative merits of systematic and random methods of 
selecting specimens from a sample of fabric, when both selections are made 
on the Latin-square principle. Reasons are given for the belief that the dis- 
tribution of specimens in the fabric itself is already random, so that the random 
selection would only show to advantage in the particular case of the random 
distribution where the specimens were arranged periodically, and where, moreover, 
the periodical selection by the systematic method happened to coincide with the 
periodical arrangement. A comparison of the methods of sampling is made in 
the case of three fabrics — ^two cottons and one linen; irom each of these fabrics 
256 warp specimens had been taken, 16 from each of 16 adjacent warp strips, and 
tested for strength; an analysis of the strength-values shows that, for these three 
fabric samples, the random selection does not lead to any better results than the 
systematic, thus supporting the conclusion arrived at from purely general con- 
siderations. At the same time it is recognised that from a purely theoretical 
point of view the random method of selection retains its superiority, and that it 
is therefore better to adopt the random m€‘thod unless there are cogent practical 
reasons for adopting the systematic method. 

I— INTRODUCTION 

In the course of his valuable paper on the application of modem statistical 
methods to textile research, Tippett criticises a sampling arrangement used 
by myself in the determination of the strengths of fabrics at different humidi- 
ties. Tippett maintains that ‘‘the question of the sampling of cloths .... 
is analogous to the problem of arranging experimental plots for agricultural 

field trials it is to be expected that there will be systematic regional 

variations of strength* on which will be superimposed the smaller random 
variations, and that by a suitable arrangement, only these random variations 
will contribute to the inaccuracy of the comparisons."^ He asserts that 
systematic arrangements, such as that used by me, ‘‘violate one of the con- 
cQtions that must be satisfied if reliable estimates of probable errors or 
variances arc to be made — the treatments are not randomly distributed 
within the restrictions imposed to eliminate regional variations."^ He points 
out that the best arrangement, if circumstances permit, is that of a Latin 
square combined with a random distribution of specimens within the square. 
He admits that “there are disadvantages to the method, however, and pre- 
cautions are necessary Mistakes are more liable to be made in 

random than in systematic arrangements, but within the restrictions imposed 
randonmess is essential if accurate estimates of the errors of sampling are to 
be made; regular arrangements of treatments may often coincide with some 
uneliminated trend in the doih,***^ 

With reference to this criticism I may point out that, as explained in my 
paper/ the experimental work was mostly carried out in 1918, so that 
the sampling was necessarily done some years before the publication of 

^Italics are mine — ^A.J.T. 
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Fisher's work in which he explains the Latin-sqnare method of sampling 
and the importance of randomness therein.* Nevertheless, the criticism 
holds good of course, if its basis is soimd. But while it may be indictable 
that the random Latin-square method of selection is theoretically superior, 
it may be questioned whether the matter is really of any great practical 
importance in the case of comparatively small samples of textile fabrics, 
and whether it is legitimate to draw an analogy between cloth-sampling and 
agricultural field-trials. As to the latter, Fisher refers to the effect of “some 
physical feature of the field such as the ploughman's 'lands,' which often 
produce a characteristic periodicity in fertility due to variations in depth of 
soil, drainage, and such factors.''* Tippett similarly maintains that “regular 
arrangements of treatments may often coincide with some uneliminated 
trend in the cloth.''* What is the justification for this statement ? Is it a 
conclusion based on experimental facts or does it rank merely as an hypo- 
thesis ? And are we to infer that my method of sampling was such that my 
test-results, and the conclusions drawn from them, are to be regarded as 
untrustworthy ? 

As it happens, when arranging for the sampling in my series of tests, I 
did consider certain alternatives before adopting my particular arrangement, 
though all the alternatives were of a semi-systematic type. I finally adopted 
my particular semi-systematic arrangement because I could see no reason 
from a practical standpoint why any one of the alternatives would be likely 
to give a more satisfactory distribution. Now, before proceeding further, 
it must be made perfectly clear what is tlie particular danger to be appre- 
hended in the systematic selection of test-specimens. In its extreme form 
it is this — that there may be some periodically-occurring strong or weak 
places in the fabric, and that the systematic periodical selection of test- 
specimens may happen just to coincide with the periodical distribution of 
the strong or weak places; a systematic fall or rise in the strength cither 
across or along the warp would not cause the systematic arrangement of test- 
specimens to give any worse result than the random arrangement. It should 
be noted that even if there should be a periodic occurrence of strong or weak 
places, it would not affect the result unless the periodic selection of test- 
specimens coincided in some measure with this periodicity. Looking at the 
method statistically, therefore, we may ask two questions— first, what are 
the chances of occurrence of a periodic distribution of strong or weak places; 
and secondly, what, are the chances that the periodic systematic selection of 
test-specimens will coincide with the periodic distribution of strong or weak 
places ? To answer these questions we will first consider how the warp of 
a fabric is prepared, and afterwards we will see what light is thrown on them 
by some test results for three different fabrics. 

II-^ENERAL THEORETICAL CONSIDERATIONS 
(i) Correlation between Parallel Warp Stripe 

Normally, the yam is wound from a number of cops or bobbins successively 
on to a warper's bobbin; a number of these warper's bobbins are placed 
in a creel and the yam drawn off from them to form the warp. It is evident, 
therefore, that the arrangement of the thick and thin places in contiguous 
portions of the neighbouring yams is as nearly random as could be imagined. 
In a warp consisting of 3000 or 4000 threads there is no reason to expect 
the strong or the weak places to come together in neighbouring }rams, except 
in the degree that would be expected from a random arrangement.* This 
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is not to say that strong and weak areas will not occasionally be met with; 
on the contrary, a random selection of variable elements such as yams must 
inevitably lead to the existence of such areas, but they will not occur periodic- 
ally more often than would be expected from a random arrangement. 
Evidently, therefore, the arrangement across the warp is an ideal random 
arrangement, and no correlation should exist between the strengths of 
contiguous portions of neighbouring warp strips. 

(li) Correlation along Individual Warp Strips 

Along the warp the situation is rather more complicated owing to the 
correlation that exists between the strengths of successive short lengths of 
a single yam. If strong and weak lengths alternated regularly, then the 
strength of specimens in a warp strip would repeat at intervals; if the periods 
were the same for each yarn, then the periodicity for the strength of the 
warp strips would be the same as for any of the yams; but if the periodicities 
of the various yams were different, the periodicity of the warj> strip would be 
equal to the lowest common multiple of the periods of the several yams. 
Whether the strengths of successive lengths of a warp strip will be correlated 
with one another turns therefore on the regularity and the length of the period 
in the yams. Seeing that the length of test-specimen of the warp strip 
used in my tests was 9 inches, it is clear that we can omit from consideration 
any periodicities in the yam of less than this length; moreover, we may use 
test-results on successive yam-specimens of 12 inches length as a guide to 
the occurrence of periodicities in the yam. On examining such test results 
we find that even in a single yam the maxima and minima strengths occur 
at very irregular intervals. It follows, therefore, that when a number of 
such yams are combined together to form a warp strip, we should not expect 
any regular periodicity in the occurrence of maxima and minima values in 
the strengths of successive lengths of this strip; moreover, it follows that 
there should be but little correlation between the strengths of successive 
short lengths of a warp strip. It is of course conceivable that under excep- 
tional circumstances a yam may be spun which has a regular periodicity in 
the occurrence of strong and weak places. But tlie probability of such a 
yam occurring, and of a large number of bobbins of such a yam being spun, 
must be very small indeed; and if we refer to the second question, viz. the 
chances that the periodic systematic selection of test-specimens will coincide 
with the periodic distribution of strong or weak places, we must conclude 
tliat the chances of this coincidence are so remote as to have been negligible 
in my tests, for in these tests only two test-specimens of each kind were 
selected from each warp strip. These two specimens were at 4j-feet intervals, 
so that the only danger to be apprehended is that all the yams in the strip 
had a regular periodicity of 4^, 2^, or feet. Even if this happened it 
would only mean that each of the specimens in a warp strip was duplicated 
in the same strip; there would still remain a random distribution of specimens 
of each kind in the 10 different strips. In these circumstances it appears 
that the probability of strong and weak places having occurred with a 
periodicity which coincided with the periodic selection of test-specimens 
by the given systematic method may be regarded as having been so small 
as to be absorbed in the ordinary chances of random sampling. 

(ill) Cards Analogy 

It appears therefore that the arrangement of warp specimens in a fabric 
may be likened to the random selection of cards with different numbers 
written on them, the numbers on the cards representing the strengths of 
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individual specimens; the cazds may be arranged in order of selection to 
form rows and columns* thus representing the arrangement of specimens of 
different strengths. If we now arrange the cards in any given number of 
heaps, say four, it will not matter how we select them if we do it without 
regard to the numbers written on them, and the original selection was un- 
biassed. The ‘'systematic" and "random" methods of selection will both 
be secondary selections, and, so far as the original material is concerned, 
both will be random selections. The sampling might be made more complex 
by filling up rows and columns at random on selecting cards at random from 
the original material; and if they now be made into four heaps by "s5^tematic" 
and "random" selections, they will both be tertiary selections, and both will 
be random as far as the original material is concerned. 

Alternatively we may regard the matter as analogous to the shuffling of 
a series of cards. If the cards are well shuffled, they will be in a random order; 
and a second or third shuffle, while it will lead to a different order, will not 
improve the randomness. And to insist that it is wrong to make a systematic 
selection of test-specimens from what I believe to be a randomly arranged 
group of specimens in a sample of fabric, is like a card-player insisting that 
in the dealing of a hand the cards should be dealt to the four players not in 
rotation, but at random. 

Ill— EXPERIMENTAL RESULTS 

(i) Material and Testing 

In view of the importance of the sampling, and of the desirability of 
testing practically the different methods of selecting the specimens, during 
the same year that the humidity-strength tests were carried out I had some 
sampling tests made on the three fabrics which were most exhaustively 
studied in the humidity-strength tests. The three fabrics in question were 
the cotton fabrics E® and F®, and the linen fabric P’; all three fabrics were 
4 oz. fabrics, E being a plain-scoured cotton, F a plain mercerised cotton 
from twofold yams, and P a plain unbleached linen. Full details of these 
fabrics are given in the original paper. Each of these fabrics was over 36 
inches wide and was divided so as to 3deld 16 warp strips each 2 in. wide 
after fraying down the edges; each of these warp strips was 3 yards long, 
so that it yielded 16 specimens each 9 inches long. Each specimen was 
marked so as to show the exact position in the fabric from which it had been 
taken. All specimens were then tested wet after immersion in water for a 
long period so as to ensure complete saturation. 

(ii) Results of Tests 

The results obtained for the strengths of the specimens of the three 
fabrics are given in Tables I, II, and III, in which the strength of each 2-inch 
specimen is given in pounds and shown in the table in the position occupied 
by the specimen. 

(Ill) Distribution of Strong and Weak Places 

We will first consider certain simple methods of treating the results 
given in 1 ables I, II, and III, Below each original square A are given, in 
B, the results when combined in successive pairs in any one warp strip; in 
this way the 16 values in each warp strip are reduced to 8 values, each of 
which represents a successive pair in the original. We may now repeat 
the process and thus obtain, in C, 4 values for each strip, each of which 
therefore represents the sum of the values of four successive specimens in 
the original strip. Repeating the process once more we obtain, in D,jt values 
one of which represents the sum of the values of the 8 specimens in the first 
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half of the strip, and the other represents the sum of the values of the 8 
specimens in the second half of the strip. Lastly, by combining these two 
^ues we obtain, in E, the sum total of the values of the i6 specimens com- 
prising the warp strip. By inspection of the totals in the last line of each 
table it is a simple matter to compare the strengths of each warp strip taken 
as a whole; and by working upwards from the bottom line it is easy to lorate 
the position of the particularly strong or weak specimens in each- strip. 
Thus section D helps us to see whether the weak specimens are in the top 
half or in the bottom half of the strip; and then proceeding to section C we 
can note whether the weak specimens are in any particular quarter of the 
strip and so on, until we arrive at the original results, from which we can 
appreciate the influence of the individual specimens. 

If instead of combining the results of successive specimens as in proceeding 
from section B to section C, we combine the results for adjacent specimens, 
we then obtain the square F. By combining the results in this square in 
sets of four, taking adjacent and successive pairs together, we obtain square 
G; again combining the results of square G in sets of four, taking adjacent 
and successive pairs together, we obtain square H; and adding together the 
four results in square H we get the grand total of all the observations. 

If these tables be examined, it will be found that the results are in fact 
irregularly distributed; there appears to be no regular periodicity either 
across the strips or along the strips. The absence of any regular periodicity 
is also apparent from Figs, i and 2 , in which are plotted the original values, 
showing the variation of strength along and across the warp strips of each of 
the three fabrics. 

If we next refer to the various reduced sq^es we find that there are 
marked differences between the different plots in each square; this of course 
is to be expected as a consequence of the irregularity of the material itself. 
But as we pass from the smaller squares to the larger squares there is 
nothing to show that the differences between the plots, and ultimately between 
the test-results for individual specimens, repeat periodically and regularly. 

In each of the 8-side squares (F) the results have been classified as weak, 
medium, or strong. The limits which have been applied to designate the 
different regions of the fabrics as weak, medium, or strong, are shown in the 
table below, the figure in brackets indicating the number of values falling 
in the given class. 



Weak 

' Medium 

1 

1 Strong 

Fabric £ 

Below 678 

‘ 678 to 699 

Above 699 


(10) 

(35) 

(19) 

Fabric F 

Below 631 

631 to 659 

Above 659 


(15) 

(32) 

(17) 

Fabric P ... ...! 

Below 861 

861 to 899 

Above 899 

1 

(11) 

(37) 

(16) 


If the 8-side squares be examined, it will be seen that in only one case 
is there any semblance of strong or weak patches running diagonally across 
the fabric; this is for fabric E, where there seems to be a tendency for strong 
patches to run diagonally from the top left-hand comer. In such a case we 
get what corresponds to a periodic arrangement of strong speciiiiens; but 
even in this case the systematic selection of samples would only break 
down if the periodic selection coincided with the periodic distribution of the 
samples. Moreover, a further condition would have to be satisfied, viz. 




VARIATION OF STRENGTH ALONG WARP STRIPS. 

ITic. 1 

















SpecifMns in Cloth Sampling— Turner 



VARIATION OF WARP STRENGTH ACROSS WARP. 
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that the strong patch would not be sufficiently extensive to provide specimens 
for the whole set required for each of the different conditions of testing. 
Neither of these conditions is actually fulfilled by fabric £, for the diagonal 
arnmgement is in fact decidedly irregular, and moreover, in almost every case 
the strong patch is sufficient to provide at least 6 warp specimens both across 
and along the warp. 

(It) Correlation of Strengths of Successive Specimens in Warp Strips 

We will next ascertain how far there exists any correlation between the 
strengths of successive specimens in any one warp strip. By comparing 
the strength-value of each specimen in a strip with that of the succeeding 
specimen, we obtain 15 pairs of values from which to find the correlation- 
coefficient for the particular warp strip. Table IV shows the correlation- 
coefficients for each of the 16 warp strips of the fabrics E, F, and P. 

Table IV 

Gorrelation-Goefilcients for each of the 16 Warp Strips of the 



Fabrics £, F, 

and P 


Warp Strip 

fabric E 

Eabuc F 

Fabric P 

1 

- 0-207 

-0 538 

0-228 

2 

-0-298 

0-571 

0-032 

3 

0 203 

0 018 

0-018 

4 

0-301 

0-207 

-0-254 

5 

-0-029 

-0-432 

-0*208 

6 

-0-109 

0-355 

0-364 

7 i 

0-094 

0-289 

0-227 

8 

0-308 

-0-002 

-0-177 

9 

0-170 

0-244 

- 0-223 

10 

-0*108 

-0-065 

-0-268 

11 

1 0-327 

-0-347 

0-280 

12 

, 0-052 

-0-112 

0-203 

13 

1 0-128 

0-641 

0-139 

14 

1 -0127 

- 0-061 

-0-167 

15 

1 - 0-029 

0-361 

0-507 

16 

' 0-252 

0 393 

0-166 


Evidently these correlation-coefficients are exceedingly variable. If 
the correlations were not real but merely a consequence of sampling 
fluctuations, out of many samples of 15 pairs we should expect one in 
10 to have a correlation as high as 0*4409, i in 20 as high as 0*5139, 
I in 50 as high as 0*5923, and i in 100 as high as 0*6411. Hence, out of 16 
correlation-coefficients for each fabric, we should expect one — and only one 
— ^to be as high as 0*5. In actual fact, this does occur for fabric P, but for 
fabric E not one of the values is so high, while for fabric F three of the values 
attain this magnitude. The discrepancies in the last two cases may be traced 
to the correlation-coefficients being few in number, for we cannot expect 
the distribution of 16 correlation-coefficients to be exactly the same as that 
of a very much larger number. But if we consider the 48 results together, 
we see that the numbers of correlation-coefficients of the higher values almost 
exactly correspond with those expected from the odds applicable in each 
case. That the distribution of the correlation-coefficients is that of chance, 
is further borne out by the fact that the coefficients are equally positive 
and negative (8 of each) in the case of fabrics E and F, and practically so 
(9 positive and 7 negative) in the case of fabric P. Hence we may conclude 
that there is no reason to fear that, in these fabrics, systematic sampling 
of warp strips will be vitiated by the occurrence of a regular wave-form 
distribution of strength within the strips. 
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(V) Gompaiiaon of Moans of Random and Systematic Latln-squaro ArranSo* 
monte for Four Troatmonte 

We will now imagine that we select sets of specimens according to some 
particular system of sampling, as we would do in order to investigate the 
effect of different conditions of humidity. But instead of testing these sets 
under different conditions, we actually tested them all under the same con- 
ditions, so that we can ascertain what errors would have been present in the 
means owing to the sampling alone. It will be observed that for each of the 
three fabrics the number of specimens was i6 both across and along the warp; 
thus their strength values form a square of side i6, and this square can be 
divided into four squares containing 64 values each, or into 16 squares 
containing 16 values eadi. They thus jform very suitable material for selecting 
specimens by the Latin-square method, and we will accordingly use it by 
comparing the results given by Latin-square selections which are completely 
randomised with those which are completely systematic. 

In the first place we will confine our attention to four sets of conditions, 
for which we therefore select four groups each containing 64 specimens. 
We will denote the different conditions by A, B, C, and D, and we will apply 
these letters respectively to the four sets of specimens to be tested under the 
conditions represented by the respective letters. Now a Latin-square ap- 
propriate for four conditions of testing wiU contain 16 individual specimens. 
Hence, in arranging for the selection of our samples according to the random 
Latin-square arrangement, we need 16 different Latin-squares to include the 
whole 256 values for each fabric. We will also imagine that the samples are 
selected according to a completely systematic Latin-sqiiare arrangement 
with the same systematic arrangement repeated 16 times; we will then com- 
pare the results obtained by the two different methods of selection. The 
random Latin-square arrangement finally adopted is that shown in Fig. 4, 
and the systematic arrangement in Fig. 3. When all the samples were 
selected in this way the results given in Table V were obtained for the mean 
values of the different sets by the two methods of sampling for the different 
fabrics. 

Table V 


Set 

Fabric E 

Fabric 

K 

fabric P 

Svstematicj Random 

Systematic 

Random 

Systematic 

Random 

A 

171-7 

170-6 

162-7 

161-5 

220-6 

219-6 

B 

170-3 

171-7 

159-9 

161-6 

221-0 

221-8 

C 

171-0 

170-7 

161-3 

160-9 

220-8 

220-9 

D 

171-9 

171-8 

161-9 

161-8 

219-7 

219-9 

Mean of A-D ... 

171-2 

171-2 

161-4 

161-4 

! 220-5 

220-5 

Standard devia-| 
tion of A-D ...1 

1 0-63 

0-55 

1 

1-02 

0-33 

0-63 

0-85 


1 _ _ _ 



_ 



1 


It will be noticed that from these results there is little to choose between 
the random and the systematic arrangements. Seeing that A, B, C, and D 
only nominally represent different treatments or conditions, and that they 
have actually all been subjected to the same treatment and conditions of 
testing, it follows that with perfect sampling and a very large number of tests 
the mean result for each set — ^A, B, C, and D — should be the same^ In 
point of fact, the results by each method of sampling do agree quite 
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dk)8dy; for fabric the maximum difierence between any pair is 0*9% 
(systematic), and 07% (random); for fabric F, 17% (s5^tematic), and o*6% 
(random); and for fabric P, o*6% (systematic), and i-o% (random). Ob- 
viously, there is little to choose between the results obtained by Ae two 
methocb of selecting the specimens. 
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Fig. 3 — Systematic Latin Squares for 4 Treatments 
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Fig. 4 — Random Latin Squares for 4 Treatments. 
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5 — Random and Systematic Selections of Warp 

We may use the results of these tests in another way. We may divide 
the whole sample of each fabric into four equal sections each containing 
64 test-values; this may be done in two ways, first parallel to the warp, and 
secondly, parallel to the weft; the sections obtained by the former method 
we shall c^ "warp sections" and those obtained by the latter method "weft 
sections." We may now test the difference between the two methods of 
selection by comparing the four mean values (A, B, C, and D) obtained 
from each of the four sections in each case. Each mean value is the mean 
of 16 test-values. The means for the different warp and weft sections are 
given for each fabric in Table VI. 


Table VI 


Fabric 

Selection 

1 Section 

1 No. 

1- __ 


Warp Sections 


1 

Weft Sections 


A 

B 

1 c 

D 

1 A 

B 

C 

D 


1 1 

170-2 

167*9 

170-0 

169-4 

ll *’3-3 

1 172-1 

1 170-2 

174-1 

172-2 

E 

Tl 

170-9 

173-4 

170-2 

173-7 

' 171-5 

169-5 

175-4 

Systematic 

111 

174-1 

170-4 

170-6 

175*4 

1 169-2 

1 171-4 

167-8 

169-7 

IV 

171-6 

169-6 

173-0 

168-6 

1 172-1 

1 168-1 

172-4 

169-8 


I 

169-5 

168-2 

1 170-7 

169-1 

' 171-9 

174-2 

172-2 

171-6 

E 

II 

171-1 

170-9 

' 171*6 

174-7 

1 170-6 

174-1 

169-9 

173-9 

Random 

III 

171-6 

174*9 

1 171-3 

172-7 

1 171-1 

167*8 

170-8 

168-4 


IV 

170-1 

172-8 

1 169-2 

170-7 

168-8 

170-7 

169-8 

173*3 


1 

1 162*9 

161-2 

1 

1 161-1 1 

1 162-5 ' 

1 163 3 


161-4 1 

161-2 

F 

i 

161-0 

155-9 

1 155*1 j 

1 159-6 

1 161-0 

, , 

' 157-3 

159-2 

159-7 

Systematic 

III 

‘ 164-4 

161-3 

165-8 

1 164*9 

162-8 

160-4 ' 

162-2 

162-2 

IV 1 

1 162-5 

160-1 

163-2 

160-9 ! 

1 163-7 ' 

' 161-9 

162-2 

164-7 


1 

163-1 

160-6 

161 3 

163-7 1 

1 161-2 

16M 

162-1 

161-2 

F 

11 

158-4 

158-6 

158-4 1 

1 156-1 

161-1 

160-8 

155-6 

159-7 

Random 

in 

163-6 

163-1 

161-7 1 

1 168-0 i 

159-6 

162-7 

163-7 

161-8 


IV 

161-0 

164-0 

162-1 

159*5 

1 164-2 

161-7 

162-2 

164-4 


I 

215-6 

216-6 

218-2 I 

1 213-9 1 

1 222-4 

217-5 

221-0 

219-7 

P 

II 

224-3 

223-0 

223-0 I 

[ 221*9 

1 221*4 

225-7 

221-8 

220-8 

Systematic 

III 

224-8 

224-2 

221-6 , 

223-4 

1 221-0 

221-9 

217-7 

222-0 

IV 

217-8 

220-1 

220-4 ' 

. _i 

219-7 

217-7 

218-8 

222-6 

216-4 


1 

213-2 

217-1 

217-2 

216-9 

220-2 

219 1 

220*4 

220-9 

P 

II 

222-6 

224-7 

222-9 

221-9 

220-9 1 

1 223-8 1 

223-4 

1 221-5 

Random 

III 

223-7 

224-7 

223-7 

221-9 

221-8 , 

, 222-1 

220-5 

218-3 


IV 

218-8 

220-7 

219-6 

218-8 

215-5 

222-3 1 

219-1 

218-7 

1 


The four mean values for A, B, C, and D respectively, in any one section, 
do not differ very much from one another. The mean of A, B, C, and D, 
represents of course the mean of the 64 specimens in any one section, so that 
the mean of A, B, C, and D, of any one section is necessarily the same for that 
section whether obtained from the systematic or from the random method 
of selection. In order to indicate the variabilities of the means of A, B, C, 
and D, in any one section according to the two methods of selection, Table 
VII has been compiled; in this table are given the grand mean for each section, 
and the standard deviations of the mean values of A, B, C, and D, from this 
grand mean, as obtained by the two methods of selection. 

Obviously, since A, B, C, and D represent four sets of 16 specimen&eaCh, 
which have been tested under similar conditions, with a sufficiently large 
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Warp Sections 

Weft Sections 

Fabric 

Section 

1 1 

Standard Deviation 


Standard Deviation 


No 

Grand 

of Group Means 1 

Grand 

of Group Means 



1 Mean 



Mean 





Systematic 

Random 

Systematic 

Random 


I 

169-4 

0-90 ! 

0-90 

172-4 

1*46 

1-02 

E II 

i| 172*1 

1*52 

1-69 

172-1 

2-04 1 

1-89 

III 

172*6 1 

1 2*18 1 

1*41 

169-5 

1-29 i 

1*45 


IV 

170*7 

I 

1-32 

170-6 

1-76 

1*67 


I 

‘ 162-2 

0-67 

1-27 

161*4 

1*28 

0*41 

F 

11 

, 157-9 

2-46 

1-03 1 

159-3 

1*33 

2-19 


III 

164 1 

1-69 

2-35 1 

161-9 

0*90 

1-51 


IV |i 161-7 

1*23 

1*64 

163*1 

1*14 

1-19 

' I , 

216-1 

1-56 

1*68 , 

I 220-1 

1-80 

0*21 

J" 

II 

223-0 

0-85 

1-03 

222-4 

1-92 

1-22 

' III i 

223*5 

1-20 

1*01 

220-7 

1*75 

1-51 

IV 1 

t 

219*5 

1-01 

0*77 

1 

218*9 

2*12 

2*51 


nximber of tests and perfect sampling the mean values of A, B, C, and D should 
be the same. The mean values of Table VI represent only 16 values each, 
but the number is the same in each case and we may proceed to epmpare 
the variabilities of the two methods of sampling by reference to the standard 
deviations given in Table VII. It will be observed that the standard devia- 
tion varies considerably for each set of four sections, warp or weft, of any 
one fabric; sometimes the standard deviation is less for the systematic than 
for the random sampling, and sometimes vice versa. For fabric E, in two 
cases the systematic gives a less value than the random and in five cases a 
greater value; in one case the two methods give equal values. For fabric 
F, the systematic gives a less value than the random in six cases and a greater 
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Fig, 5 — S 3 ^tematic Latin Squares for 8 Treatments 
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value in two cases. For folaric P, the systematic gives a less value Hun the 
random in three cases and a greater value in five cases. Putting all these 
results together we find that the systematic gives a less value than the 
random method in zi cases and a greater value in 12 cases; in one case the 
two methods give identical values. It therefore appears that there is prac- 
tically nothing to choose between the two methods of sampling so far as r^tes 
to these three fabrics. 
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Fig. 6 — Random Latin Squares for 8 Treatments 

(vl) CSomparlson of Means of Random and Systematic Latin-square Arrange- 
ments for Eight Treatments 

We will now consider the results when selected so as to represent eight 
different conditions of testing, for which a Latin square must contain 64 
individual specimens; for the whole 256 values we require four different 
64-fold Latin squares, as shown in Fig. 6; we compare the restdts by this 
method of selection with those obtained by a systematic Latin-square arrange- 
ment repeated four times, as shown in Fig. 5. These two methods of selection 
gave the following mean values of the different sets for the different fabrics. 

Table VIII 


Treatment 

1 Fabric £ 

Fabric F 

Fabric P 

Systematic 

Random 

Systematic 

Random 

Systematic 

Random 

A 

173-4 

170-5 

163-8 

161-4 

220-6 

221-8 

B 

169-8 

169-8 

159-8 

160-4 , 

220-1 

222-0 

C 

172-8 

174-2 

160-4 

162-1 

222-5 

221-0 

2 1 

170-3 

172-9 

162-8 

163-7 

220-2 

218-6 

E 

170-0 

168-8 

161-6 

159-9 ‘ 

220-7 

218-7 

F 1 

170-8 

171-9 

159-8 

159-6 , 

221-9 

222-6 

S 1: 

169-1 

171-0 

162-0 

161-8 1 

219-1 

218-9 

H ' 

173-3 

170-4 

161-2 

162-4 ' 

219-3 

220-8 

Mean A-H 

171-2 

171-2 

161-4 

161-4 

i 220-55 

220-55 

Standard devia- 
tion A-H ...Ij 

1-60 

1-63 

1*33 

1-30 

1-16 

- 1-50 
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As in the case of the four treatments, so in the case of the eight treatments 
represented by the letters A-H, the results by each method of sampling agree 
to a very dose degree of approximation. For fabrics E and F the standard 
deviations from the grand mean are almost identical for the systematic and 
random treatments, but for fabric P the standard deviation for the random 
selection is distinctly greater than that for the systematic selection. 

If the results for eight treatn^nts are divided into warp and weft strips 
as in the case of the four treatments, we obtain two warp sections and two 
weft sections; we may test the difference between the two methods of selec- 
tion by comparing the eight mean-values A-H (obtained from each of the 
two sections in each case.) Each mean value is again the mean of i6 test- 
values. The means for the different warp and weft sections are given for 
each fabric in Table IX; Table X shows the grand mean for each section, 
and the standard deviations of the mean values of A-H from this grand 
mean, as obtained by the two methods of selection. 

It will be observed that the standard deviation varies considerably for 
each pair of sections warp or weft, of any one fabric. For fabric E, the 
standard deviation is less for the systematic selection than for the random 
in two cases, equal in a third case, and greater in the fourth. For fabric 
F the systematic is less than the random in one case, equal in the second case, 
and greater in the other two cases; for fabric P the systematic is less than 
the random in three cases and greater in one case. Putting all these results 
together, we find that the systematic gives a less value for the standard 
deviation than the random mctliod in six cases, a greater value in four cases, 
and an equal value in two cases. Again, therefore, the random selection 
yields no better results than the systematic. 

(vll) Comparison of Random and Systematic Latin- square Arrangements 
by the Analysis of Variance 

We will finally compare the different methods of sampling by analysing 
the sources of variance by Fisher's method,® as given by Tippett® in his paper. 
The superiority of this method lies in its revealing liow the variation due 
to the treatment compares with the variation that occurs in the absence 
of any treatment, and in providing us with a criterion to measure the sig- 
nificance of any difference observed. The results of the analysis are given 
in Table XI. In this table is included not only the analysis of the variance 
for the four treatments A, B, C, and D, with the whole bulk of the material 
arranged in the sixteen i6-fold Latin squares as in Figs. 3 and 4, but also the 
analysis for 8 different treatments (A to H), with the whole bulk divided up 
into four 64-fold Latin squares as in Figs. 5 and 6. 

Now as no treatments have actually been given to the different sets it 
follows that in every case the variance of the “treatments" should not be 
significantly different from that of the residuals, apart from discrepancies 
arising from the sampling errors. By mere inspection of the mean variances 
for the different “treatments" and the residuals in each case, it is easy to 
see that in general no greater accuracy can be claimed for the random than 
for the systematic method of selection. A more sensitive test is provided 
by the z method of Fisher,^® where z is the difference between the natural 
logarithms of the standard deviations of treatments and residuals respectively. 
Fisher gives a table showing the levels of significance of different values 
of z for different numbers of degrees of freedom; the values of z have been 

F 
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calculated in every case (for the three different fabrics, four and eight treat- 
ments, systematic and random selections), and it was found that even the 
most extreme differences between the variances of treatments and residuals 
could not be regarded as significant when this test was applied. Hence we 
are once more led to the conclusion that for these three fabrics we cannot 
regard the random arrangement as leading to any better result than the 
systematic. 

In comparing the results of the random and systematic methods of selec- 
tion we have confined our attention to periods repeating for four or eight 
specimens. It is of course possible that although there is no repeat with 
these numbers of specimens there may be with some other number such as 
5, 6, or 7. The resets could be utilised to lest the occurrence of such periods 
by selecting a portion of the material for the purpose; thus, for a repeat 
with five specimens we could consider a 15-side square, which could be divided 
into nine five-side Latin squares, and comprise 225 observations out of the 
whole 256 available; with six specimens we could use four six-side Latin 
squares, utilising 144 values; with a repeat for every seven specimens we could 
use four seven-side Latin squares utilising 196 of the test results. However, 
from the irregular nature of the curves in Figs, i and 2 it is hardly likely 
that such periods actually occur. Instead of looking for the results of 
periodicities in this way we could of course analyse the original results across 
and along the warp to this end; unfortunately, a series of 16 results is far too 
small to be subjected to periodogram analysis. 

IV— CONCLUSIONS 

It seems legitimate from all the considerations that have been advanced 
above to conclude that the test-results of these three fabrics would not have 
been vitiated by making a systematic instead of a random selection of test- 
specimens; and further, that so far as my humidity-strength tests were 
concerned the test-results are not likely to have been serioasly aberrant 
and that the conclusions drawn therefrom must stand. And from the 
general considerations advanced on pages 778-180 it appears likely that 
the same is true for the other fabrics and materials which formed the subject 
of my tests. 

I may add that quite apart from the question of sampling, we have 
certain other considerations 10 guide us when judging the reliability of the 
test-results. In the first place, we have the fact that the strength was deter- 
mined at a number of different humidities for a number of different fabrics 
of each class. Now if the test-results had been vitiated by the occurrence of 
periodicity of strength in the fabric coinciding with the periodicity of the 
selection of the specimens, it is most unlikely that the relation between strength 
and humidity would be of a regular nature, not only in one fabric but also in a 
number of fabrics of the same type. It is true that a few irregularities 
were in fact found to exist in the strength-humidity curves, but seeing 
that, in all, 142 such curves were obtained, a certain amount of irregularity 
in some of these curves must be expected, however perfect the sampling. 
Another reason for the belief that the results and conclusions are substantially 
correct is that in the case of each of the tmweathered fabrics two sets of 
specimens were tested under the same set of conditions and, except in four 
cases out of 36, the results for the two sets were well within the limits which 
might be expected from the values of the probable errors. It is fiardly 
conceivable therefore that if periodicity had existed, both the first and the 
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second set of specimens tested under the same conditions would have almost 
invariably given mean-strength results which were not significantly different 
from each other. 

In all that has been said above it is not implied that the s}rstematic 
method of selection can in any circumstances be regarded as theoretically 
superior to the random method of selection; and there can be no question 
but that the random selection is theoretically the more satisfactory, 'because 
it ensures that even if periodicity does occur in a fabric its effects are bound 
to be avoided. The only question is whether periodicity docs in fact occur 
sufficiently often as to necessitate the taking of special precautions to avoid 
any disturbance that it might cause. My own bdief, based on the reasons 
previously mentioned, is that the likelihood of such a disturbance is exceed- 
ingly smadl. For simplicity in marking out a fabric there is no doubt that the 
systematic method has the advantage ; the chances of mistakes being made and 
overlooked in marking out by this method are certainly less than by the 
random method. It is on practical grounds that Engledow and Yule^' 
prefer a systematic arrangement in certain agricultural field trials. But the 
same practical difficulties are not met with in marking out textile fabrics, 
and I accordingly conclude that, although it is possible to exaggerate the 
superiority of the random over the systematic method of selecting fabric 
test-specimens, yet, unless there are cogent practical reasons for adopting 
the systematic method, it is better to adopt the random method, and so 
“make assurance doubly sure." 


My thanks are due to Mr. R. Krishna Iyer for his assistance in the con- 
siderable arithmetical labour required for this j)aper. 
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^MONTHLY WOOL GROWTH OF RAMBOUILLET EWES 
By Robert H. Burns, M.S. 

INTRODUCTION 

The physiological phenomena of wool growth are directly related to the 
commercial utility of a fleece, for length of fleece is an important character 
in commercial grading of wool. 

For many years the law of dimmishing returns (i.e. wool attains two- 
thirds of its length during its first six months of growth, and the growth 
steadily diminishes from that point on), has been applied to wool growth, 
and accepted generally as an accurate statement of fact. 

In a study of measurable fleece characteristics in a cross-breeding experi- 
ment at the Wyoming Experiment Station, it was observed that fleece 
characters, length, fineness, and density, were regular rather than spasmodic 
in their development, if environment and disease were regulated. 

Keeping in mind the regularity of development in these fleece characters, 
it seemed a necessary and logical step to initiate a study of monthly wool 
growth in various t5^pes and breeds of sheep, in order to confirm or contest 
the idea that wool grows as much as two-thirds of its yearly length during 
the first six months after shearing. 

Consequently, in the spring of 1926, a study of monthly wool growth 
was inaugurated and carried on for the following four years, using in each 
breed test six ewes of the following breeds — Rambouillet, Hampshire, Oxford, 
Corriedale, and Lincoln. All of the common types of wool were represented 
by these five breeds. 

The writer, now stud}dng animal breeding and wool research at Edinburgh 
University, wishes to express his appreciation for the opportunities and 
courtesies afforded by the Animal Breeding Research Department during the 
preparation of this paper. The writer wishes particularly to acknowledge 
the advice and encouragement extended by Professor F. A. E. Crew, 
Director of this Department. 

REVIEW OP LITERATURE 

Rohde, Stohmann, He)aie, Gartner, and 25 om all reported that the growth 
of wool was much greater during the first six months after shearing than in 
the succeeding six-month period. These writers' results would uphold the 
theory of diminishing returns, in that they reported practically no growth 
during the last two months of the yearly growth, and around two-thirds of 
its yearly growth attained during the first six months after shearing, 

Nordmeyer, in a wool growth experiment with mutton merinos, reported 
a more or less uniform growth throughout the year, with slightly more 
growth during those months when green feed was available, and less growth 
when the ewes were suckling lambs. 

Hardy and Tennyson, who studied the influence of wool growth upon 
wool fineness, gave an illustration of a *'tied*' lock, showing proportionate 
monthly growths of wool, but no data were given. From a visual inspection 
of the “actual size" illustration it would appear that the monthly wool 
growth was more or less uniform throughout the year. 

A recent publication by Hackedom and Sotola gives the monthly wool 
growth in Rambouillet ewes and wethers. In these results there was no 
marked difference in monthly wool growth between wethers whose wool 
was allowed to grow for four years and in those which were shorip every 
twelve months. 
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A wether’s fleece of 48 months’ growth weighed 62 lb. and attained a 
length of 10 in. There was no difierence in winter and summer wool growth, 
and the last 12 months’ wool growth was just as long as that of any previous 
twelve months. 

EXPERIMENTAL PROCEDURE 

Animals Used 

Five or six ewes were used in each test, the number depending on mortality 
and sales. No substitutions were made during the year, but each spring 
at shearing time young ewes were added so as to have as many ages repre- 
sented as possible, and to have as near as possible six ewes for eachibreed 
in the test. 

An inspection of the ear tag numbers of the individual sheep will show 
the distribution of ages once one is acquainted with the system of numbering. 
All lambs bom in 1921 were numbered from 100 to 199; all those bom in 
1922 were numbered from 200 to 299; and so on up to 1930, when the lambs 
were numbered from o to 99. In this system an animal with the same 
number appears once in ten years, but as sheep rarely are kept in the flock 
for that length of time^ this system of numbering is quite simple and practical 
and is widely used. 

The ewes in this experiment were nm with the rest of the Rambouillet 
ewes of the Wyoming Experiment Station flock. This experiment station 
is located at an elevation of 7,200 ft. and has little pasture land. Conse- 
quently the sheep are kept under shelter the greater part of the year, and 
are fed on alfalfa hay, a grain mixture consisting of barley, oats, and bran, 
and occasionally some sunflower silage or cabbage. 

During the summer months they are turned out during the day on 
pasture and obtain some green feed, but are returned to the sheep bam 
in the evening. Some seasons they are fed on green oats as a ‘'soiling 
crop” during the summer months. 

EXPERIMENTAL PROCEDURE 

Sampling Methods 

The right mid-shoulder area was chosen as the area on which the wool 
growth studies would be conducted. Three methods of sampling were 
tried out — 

(1) Length of staple on the sheep. 

(2) Growth clippings of eadi month’s growth. 

(3) Individual staples tied each month and the distance between “ties” 
measured. 

DESCRIPTION OF SAMPLING METHODS 

(1) The fleece was parted in the mid-shoulder region and a steel rule 
inserted with the zero point resting on the surface of the skin. The fleece 
was then allowed to fall back or the rule, and an average reading of the 
length of staple in the fleece recorded. Each month this procedure was 
followed, and the difference between staple lengths represented the growth 
during the intervening time. 

(2) At the beginning of the test a small area of about 2 sq. in. in extent 
was clipped dose to the skin. This area was located in the mid-shoulder 
region. In order to clip the wool fibres off as close to the skin as possibli , 
a special type of shears were obtained. These were surgeon’s shears (8 in. 
size) with blades angled at 30® on the flat. By pulling the wool fibres up 
tightly against the blades of the shears, the fibres were cut as dose to the 
skin as would be the case had the area been shaved. 
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Each month a growth clipping sample was taken from the middle of the 
area, and the remaining portion of the small area was cleared so that no long 
fibres could be accidentally included in the following month's growth clipping. 

(3) At the beginning of the test a small staple the size of one's little 
finger was selected and tied with dental floss (similar to surgeon's silk ligature) 
using a surgeon's knot to counteract any tendency of the knot to slip. The 
loose ends of the floss were clipped off close to the knot, so that these ends 
would not catch and pull the "tie" off the staple. Each month a "tie" 
was made on the same staple, as close to the skin as possible, and at the end 
of the year's growth each month's growth was plainly marked by the ties. 

METHODS OF MEASUREMENT 

Staple length on the sheep and the growth as represented by the distance 
between the "ties" were measured directly by the use of a steel rule graduated 
in tenths of an inch. 

The small sample of monthly growth clippings, when laid out, naturally 
arranged itself in the form of a thin "sheaf," and as both the proximal and 
distal ends were cut off at the surface of the skin, the sample would be in 
the shape of a parallelogram, and a measurement of the average length of the 
growth clipping was easily taken to the nearest tenth of an inch. In all 
cases two readings out of three taken were identical, and in over 90% of the 
cases all three readings were identical. 

It was thought advisable to analyse the length of the individual fibres 
when stretched taut, so as to know whether it would be best to get a frequency 
table of length of a number of fibres making up a staple or growth clipping 
"sheaf" or take the average measurement on the entire staple or clipping 
"sheaf" as one unit. 

The old method of clamping each fibre in the jaws of a testing apparatus 
was thought to be entirely too tedious and slow, and an attempt was made 
to devise a simpler and faster method. 

The following method of measuring individual stretched fibre length has 
been worked out — 

A NEW METHOD OF MEASURING STRETCHED (TAUT) FIBRE 

LENGTH 

A black chenille rug swatch (12 x 18 in. in size), with a deep "pile" 
(i in. deep), and a pair of cork or rubber-tipped tweezers, make up the 
equipment used in this simple method. The deep "pile" of the chenille rug 
partially holds the individual wool fibres when they are pressed down into 
it. A steel rule, graduated in tenths of an inch, is laid on the rug in front 
of the fibre which has been pressed down into the "pile" ol the rug. The 
end of the fibre on the right-hand side is grasped near its end by the cork- 
tipped tweezers, and the thumb nail of the left hand is placed over the fibre 
so that the thumb nail is even with the zero point on the rule. Thus when 
the fibre is drawn taut it pulls along under the thumb nail, but only very 
gradually as it is gently held by the deep "pile" of the rug in which it is 
embedded. The tip of the tweezers makes a good pointer, and as the un- 
attached end of the fibre slips out from under the thumb nail, the tension 
on the fibre as held by the "pile'’ of the rug is sufficient, so that there is no 
tendency for the tij) of the tweezers to "jump," and an accurate length 
reading can be made. 

The whole "set-up*^ is shown in illustration Fig. i. Either 25 or 50 
fibres were nu'asured for stretched length, according to the lengtlv of the 
fibres. The growth clippings were much shorter and .showed less variation 
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than the staple samples, and hence 25 fibres were measured from the former 
and 50 fibres from the latter. 

A test was made to find out how many fibres should be measured out of 
a staple to ensure reasonable accuracy. Six samples were used from the 
following breeds — Crossbred (Hampshire x Rambouillet), Rambouillet, 
Lincoln, Corriedale, Oxford, and Hampshire. All samples were from the 
1925 fleeces, which were a full 12 months growth. One hundred fibres were 
measured for stretched (taut) length from each sample, using the chenille 
rug method previously described. The measurements were taken to the 
nearest tenth of an inch, and grouped in imits with five fibres in each unit. 

Number of Fibres to be Measured to Determine Stretched (Taut) Fibre Length 
Length of Stretched (Taut) Fibre in Inches 

~ I « 

FtCRObbBR£0 

fHampshirox Kaubouillli Lincoin (orriudall Oxford Hampshirl All Sij 
Ramtouillet) SamplI! 

! Vana Vana Vana- | Vana Vana I Vana IVai 

Moan I tion Mean tion Mean tiou Mtan | tiun Mean tion Mean ' tion Mean I tii 

length I from length from length from length | from j length from I length I from length fn 

100 100 I 100 I 100 100 ' I 100 14 


5 


4-70 

•49 

3-46 

•05 

6-54 

•11 

3-50 

•15 

6 - 6 e 

•14 

404 

•23 

4-82 1 

•5 

10 


4-64 

•43 

3-47 

•06 

6-57 

•14 

3-45 

•10 

6-89 

•37 

411 

•30 

4-86 ' 

•5 

15 


4-51 

•30 

3-47 

•06 

6-65 

•22 

3-41 

•06 

6-95 

•43 

408 

•27 

1 4*85 

•2 

20 


4-38 

•17 

3-48 

•07 

6-69 

•26 

3-39 

•04 

6-85 

•33 

4 06 , 

•25 

4-81 , 

•1 

25 


4-31 

•10 

3-47 

•06 

6-74 

•31 

3-40 

•05 

6-80 

•28 

4-05 ' 

•24 

4-80 ' 

•1 

30 


4-25 

•04 

3-45 

•04 

6-83 

•40 

3-38 

•03 

6-67 

•15 

4^00 

•19 

1 4-76 , 

•1 

35 


4-23 

•02 

3-45 

•04 

6-75 

•32 

3-36 

•01 

6-68 

•16 

3-98 

•17 

4-74 ' 

•1 

40 


419 

•02 

3-44 

•03 

6-74 

•31 

3-41 

•06 

6-65 

•13 

3-96 1 

•15 

4-73 1 

•1 

45 


4-19 

•02 

3-44 

•03 

6*75 

•32 

3*39 

•04 

6-62 

•10 

3-91 1 

•10 

; 4-72 

*1 

50 


4-20 

•01 

3-44 

•03 

6-71 

•28 

3-37 

•02 

6-59 

•07 

3*93 1 

•12 

4-71 

•C 

55 


4-18 

•03 

3-42 

•01 

6-68 

•25 

3-39 

•04 

6-55 

•03 

3-89 ' 

•08 

, 4-69 

*c 

60 


4-18 

•03 

3-40 

•01 

6-63 

•20 

3-38 

•03 

6-55 

•03 

3-89 

•08 

1 4-67 

•c 

65 


417 1 

•04 1 

1 3-39 

, ‘02 

6-53 1 

1 *10 

3-36 

•01 

6-59 1 

•07 

3-87 

•06 

4-65 1 

•0 

70 


4-17 

•04 

3-40 

1 -01 I 

1 6-54 

•11 1 

3-37 

•02 

6-59 ' 

•07 

3-86 

•05 

4 - 66 , 

•0 

75 


4-20 1 

•01 

3-40 

•01 

6-55 

•12 1 

3-.36 

•01 

6-61 

•09 

3-86 

•05 

, 4-66 1 

•0 

80 


4-20 

•01 

3-39 

•02 

6-50 

•07 ' 

3-36 

•01 , 

6-57 

•05 

3-86 1 

•05 

' 4-65 t 

•0 

85 


4-23 ' 

•02 

3-41 1 

1 none 

6-48 

•05 

! 3 35 

none 

6-55 

•03 

3-84 

•03 

4-64 

•0 

90 


4-22 

• 0 ] 

3-41 

none 

6-43 

none ' 

! 3-35 1 

none ! 

6-53 

•01 

3-82 

•01 

4-63 

•01 

95 


4-21 

none 

3-42 

•01 

6-45 , 

•02 1 

1 3-36 

01 

6-52 

none i 

3-83 

•02 

4-63 ' 

•01 

100 


4-21 

. — 

3-41 


6-43 

1 

3-35 

_ 1 

6-52 


3-81 


4-62 ! 


Erroi 

iA 













1 


mean 

of 















100 

1 

•032 

- 

•017 


•066 

- 

•020 


•046 

— 

•035 


•040 

- 


3 Times 

prob. I 

error , -096 4)51 -IBS' - 060 138 105 -120 

When comparing the variation of differences from the mean of the entire 
100 fibres, it will be noted that in some samples the measurement of 35 
fibres was sufficient, while in others as many as 60 fibres should be measured 
before the difference was loss than tliiee times the ])robabl(^ error of the 
mean length of 100 fibres. The point of accuracy in all the samples seemed 
to be when around 50 fibres had been measured, so this number was chosen 
as a standard number of fibres to be measured from each sample. 

EXPERIMENTAL PROCEDURE 
Comparison of SampUng Methods 

'*Tied” Staple Method Compared with Growth Clipping Method — It wa> 
found impossible, in spite of all precautions, to keep the “ties” on the stajdes 
during the first two months after shearing, for all “ties” made in this period 
were lost. Alter that period of time was past the “ties” held, with a few 


Number of 
Fibreie 
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exceptions, and the resulting growth figures agreed closely with those 
obtained with monthly growth clippings from the same anmals. 

However, because of the loss of the first two or three “ties" J^de after 
shearing, and the strong possibility of later “ties" slipping, the “tie" method 
was discard^ as not comparable to the growth clipping method in accuracy, 
as one method is positive and the other doubtful in the results obtained. 

COMPARISON OF SAMPLING METHODS 
Average Staple Length Difference Method, compared with Average Qrcfwth 
Clipping Length Method — In i6i growth determinations with individuals 
from four different breeds ^Rambouillet, Oxford, Hampshire, and Corriedale), 
the following frequency distribution of monthly wool growth was obtained — 

Twelve Months Period of Growth, April 1926 to April 1927 
Frequency Distribution 
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It will be noticed that the staple length method recorded 27 cases or 
1675% of the total with a loss or no growth, a fact which in itself was 
enough to condemn the method. However, the extreme variability of 84% 
as compared with 35% is the final convincing argument of the futility of 
using the staple lengA difference method. 

At no time during the test was there any similarity between measurements 
by the two methods of sampling, and the violent fluctuations of the figures 
obtained by the staple length difference method did not show any regularity 
in their occurrence. The inter-relationship of breeds is interesting. As 
would be expected, the breeds with longer wool gave the greatest etnot in 
the average growth by staple length difference method. However, the 
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tendency was practically the same in all breeds, and the futility of using 
staple length differences for ascertaining wool growth is quite apparent. 

COMPARISON OF MEASUREMENT METHODS 
Stretched {Taut) Fibre Length of Staple compared with Average Length of 
the Growth Clippings — In this test an area of some four or five square inches 
in extent was deared, and a staple of wool taken from this area at the end 
of each month of growth. It was hoped that by the use of this method of 
sampling a cumulative "stair-step" perspective of wool growth could be 
obtained. As the experience with using average staple length differences 
for growth determination had given extremely unreliable results, the measur- 
ing o^ average staple length was discarded, and a measurement of 50 
individaul stretched (taut) fibres was substituted. 

The results of 86 growth determinations with three breeds (Corriedale, 
Hampshire, and RambouiUet) over a period of six months in the 1928-29 
growth test gave the foUowing frequency distribution. 

Frequency Distribution 


Staple Length Method. 
Mean stretched hbre length 


Growth Clipping Method. 
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0 

0 

2 

4 

4 

6 

14 

12 

4 

28 1 

44 

3 

6 

1 2 

1 5 

13 

12 

9 

3 

24 

4 

6 

' 5 
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7 
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0 
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1 0 

0 

8 

0 
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0 
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31 

21 

34 

86 

31 

21 

34 

86 

Mean length 

'413 

•448 

•359 
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•287 

•329 1 

•226 

•273 

P. £. of mean 

•021 

•025 

•022 

•013 1 
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•013 

•007 

•006 

Coef. of Variability ... 
P. E of Coef of 

42 

38 

54 

46 

29 

26 ' 

1 

27 

32 
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1 

4 

! 1 

4 

1 

6 

3 

3 

_ ^ 
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1 2 


•Breeds — C — Corriedale ; H ~ Hampshire; R — RambouiUet. 


Again the extreme variation of the length of stretched (taut) fibres in 
the staple makes itself evident, and although the stretched fibre length gave 
better results than the staple length difference, still it was not as accurate 
and uniform as the average length of clipping ("sheaf.") Either by inspection 
of the distribution data or by comparison of the coefficients of variability, 
the marked superiority of the average length of the clipping method of 
measurement is apparent. 

Stretched {Tauf) Fibre Length of Growth Clippings compared with Average 
Length of Growth Clippi'ngs — Only the growth dipping method has stood 
out as most reliable in the series of tests thus far reported. It was thought 
advisable to compare the two methods of measuring the growth clippings. 
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In 258 growth determinations with four breeds (Corriedale, Hampshire, 
Rambouillet, and Lincoln), over a period of 14 months from March 1929, 
to May 1930, the following frequency distribution was obtained — 


Frequency Distribution 


1 Growth Clipping Method. 

! Average Length of "Sheaf” 


Growth Clipping Method, 
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JL>J ccua • 


All four 


1 

C 

1 

I ’ 

1 L 

breeds 

C 

1 H 

R 

L 

breeds 


7 

7 

19 

1 0 

33 

0 

3 

16 

0 

19 

3 

20 

24 1 

1 43 

1 

88 

13 

' 22 ■ 

42 

0 

77 

4 

24 

30 

4 

2 

1 60 

31 

' 31 1 

.5 1 

3 

70 

5 

16 

4 

1 

13 

' 34 

21 

8 

1 

20 

50 

6 

1 

0 

0 

13 

14 

3 

0 

1 ' 

11 

15 

7 

0 

0 

0 

13 

1 13 

0 

' 1 1 

1 , 

7 

9 

8 

0 

0 

0 

7 

! 7 

0 


1 1 

7 

8 

9 

0 , 

0 ' 


5 

5 

0 

‘ 0 

0 , 

7 

7 

10 

0 ' 

' 0 1 

\ ^ 

2 

2 

0 

0 

0 ' 

2 

' 2 

11 

^ 1 

! ^ 

0 

0 

' 0 

' 0 

0 

0 

1 

1 1 

12 

1 


1 

2 

^ 1 

i .1 

1 0 

1 

0 1 

0 

0 

1 0 

Total 

. 68 , 

, 65 

67 

58 

258 

68 

65 

67 

58 

258 

Mean growth 











length 

•376 

•348 

•281 1 

1 -612 

411 I 

1 *421 

•374 

•304 

•650 

•430 

P E. of length ! 

1 -008 

•006 

005 1 

> 016 1 

1 008 ’ 

1 006 

1 007 

•009 

•016 

•007 

Coefficient of 

Variability ... 
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22 
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27 
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19 

22 

35 

27 

40 
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1 21 

1 ^ ' 

1 

2 

2 

1 

1 

2 
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♦Breeds —C-Corriedale; Hampshire, R— Ramlwuillet, L Lincoln 

As would be expected, the stretched fibre method gave a slightly larger 
figure than average length of *‘sheaf.** 

COMPARISON OF MEASUREMENT METHODS 

The difference between the two systems of measuring growth clippings 
was so small as to be negligible. In fact the difference *19 was smaller 
than three times the probable error of the mean (*21). The coefficients of 
variability were also quite close together, and here again the difference was 
practically the same as the probable error. Th(* tendencies were the same 
in all four breeds under test. 

Thus no particular advantage was gained by measuring individual 
stretched (taut) fibre lengths of a growth clipping “sheaf*' rather than 
taking an average measurement of the “sheaf** as a whole. 

In view of the results of all the tests concerning methods of sampling 
and measurement, the average length of the growth clipping “sheaf** was 
used throughout the wool growth studies reported in this paper. 

As later results will show, the stimulation of the skin by the shears w'hen 
taking the growth clipping sample, and clearing the area, was not a factor, 
and physiologists have confirmed this fact in conversations with the writer. 

During the first few months after shearing, there was a stimulation of 
wool growth. 
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EXPERIMENTAL RESULTS 

A frequency distribution of the data given on page iio6 gives the 
following table — 


Monthly (growth in 
tenths of an inch 1 
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The average maximum variation of growth in tlie same ewe during the 
same month m different years varied fiom 067 of an inch to loS of an inch, 
showing a strong tendency for the same individuals to grow wool uniformly 
throughout a period of 43 months 

WOOL GROWTH BY SEASONS 

Two hundred and forty determinations from the Rambouillet growth 
clippmg samples, over the four year period gave the following table of 
growth by seasons- 


Actual Wool 1 tr cent of 

C^rowth in inches ^ t irly Growth 


74 2S 

79 27 

74 25 

70 23 

2 97 100 

The above table shows a remarkable uniformity of growth throughout the 
four seasons of the year As would be expected. Fall, Winter, and Spring, 
those seasons when feed was not so good and when nounshing the unborn 
and later the sucklmg lamb, gave less growth than during the summer 
months when green feed was available Thus do the wool growth deter- 
minations co-ordinate as would be expected with the physiological and 
environmental conditions, favourable circumstances increasing, and those 
which are unfavourable retardmg wool growth 

In order to compare these wool growth figures with those reported by 
a number of mvestigators in Germany, an arrangement has been made of 


St d son 


Spimg Mcirch April and May 
Summer— June July and August 
Tall — September October and Novcmbti 
Winter- December January and I ebruar> 


lotdl growth for the year 
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tAverages and Variation Figures In Hundredths of an Incdi. Right Mid-shoulder Area 
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♦Vanation of mean monthly growth by months from average monthly growth for the entire vear 
fin 1929 to 1930 all areas were clear^ one month sooner than in former yeais 
The maximum growth occurred in the month of July, while the minimum growth was found in June, November, and January 

The difference between the maximum and minimum figure*? wi*? 07 
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the data showing the wool growth for the'first six months, and the following 
six months after shearing. 

As before, there were 240 growth determinations over the period from 
1926 to 1930 — 



Actual Wool 

j Per cent, of 


Growth in inches 

Yearly Growth 

1 

First six months after shearing 

1-55 

1 52 

Following six months ... 

1 1-42 

1 48 

Total growth for the year 

i 2-97 

1 

100 


The remarkable uniformity of growth as shown in the four seasons of 
the year is also apparent when the data are arranged with two growth 
periods of equal duration from one shearing to the next shearing twelve 
months later. 

THE EFFECT OF SHEARING ON WOOL GROWTH 
It has always been a popular idea that wool grows more the first month 
or two after shearing than during later months. In order to see just how 
significant the differences would be, the data on five breeds have been arranged 
so that a comparison could be made of the first and second months indepen- 
dently against the remaining months of the year. 

Comparison of First Month’s Wool Growth after Shearing with subsequent 
Growth until the next Shearing 
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The difEerence between the average growth the first month and the other 
eleven months shows a greater growth in the first month. The difference 
•053 is over twelve times the probable error, and upholds the general idea 
that wool grows more the first month after shearing. The same tendency 
is noted in the different breeds. 

A similar arrangement of data comparing the second month s growth 
with the other eleven months shows the second month's growth to be slightly 
greater, but the difference this time is only *018, which is four times the 
probable error of the mean, a significant figure, but not nearly as conclusive 
a difference as in the first month's growth. 

CONCLUSIONS 

* Rambouillet ewe wool grows more or less uniformly during the year, but 
is affected slightly during the winter, spring, and summer by the lambing 
season, and the abundance or lack of green food. 

Monthly Wool Growth in Kan\bouillet Ewes. Growth in hundredths of an inch. 

240 Monthly Cirowth Determinations. 

4-6 Ewes, 1926-1930. Sheared on 27th April each year. 

Figures on top of columns represent growth in hundredths of an inch. 

Figures within columns represent each month's proportionate growth in per cent, 
of the total growth for the year. 
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It will be noticed that the monthly wool growth was quite uniform 
throughout 4 itie year, the minimum and maximum monthly growth varying 
by only *07 of an inch. 

In July only was an abundance of green feed either in the form of green 
pasture or oat fodder available, and the effect on the wool growth was 
startling. 

If these data are arranged in two periods of six months’ growth, they 
give information which can be compared directly with those reported in 
the review of literature in this paper. 

Comparison of Wool Growth in Rambouillet Ewes by Six-months’ l»eriods. beginning 

from Shearing Time. 

Figures on top of columns are total growth in inches. 

Figures within columns are per cent, of yearly growth. 
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Total Wool Growth First Six Months Total Wool Growth Next Six Mbnths 
After Shearing. Completing the Year. 
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The results in the wool growth test at the Wyoming Experiment Station 
are in direct opposition to those reported by Rohde, Stohmann,* Heyene, 
Gartner, and Zom, and in agreement with the results reported by Nordmeyer 
and Hackedom and Sotola. 

Although there was more growth during the first six months after shearing, 
it was nowhere so great as the differential of f to J reported by these 
investigators. The time of shearing would have no appreciable effect for 
taking place as it did in the spring (April) it included the large growth in 
July and October in the first six months of growth, thus raising the pro- 
portionate ratio of growth of the first six month’s period to the following 
six month period, making up the year. 

Physiologically it would seem logical for wool to grow more or less 
uniformly if nutrition and health are normal. Fluctuations in growth, due 
to nutrition and health and reproductive processes, occur according to the 
severity of these factors. However, the monthly growth inter-relationships 
seem to keep about the same, even though the yearly growth may be 
considerably less. Ewe No. ii6 gives some interesting information on this 
point. She was getting old, and during the last year of her life she grew 
considerably less total length of wool, but the variation from month to 
month was in the same ratio as in other years, and in the same year for 
other individuals. This relationship is so evident that it can easily be seen 
by a mere inspection of the detailed table of data for all ewes in all four 
years. 


SUMMARY 

(1) Monthly growth clippings proved out the most accurate and practical 
method of sampling for wool growth. 

(2) The average length of the growth clipping “sheaf” gave results which 
were so very close to those obtained by measuring 25 individual stretched 
(taut) fibre lengths that the extra labour in measuring the stretched fibre 
lengths was imwarrantcd. 

(3) The monthly wool growth of Rambouillet ewes was remarkably 
imiform throughout the year, and in the four different years. 

(4) Wool growth during the first six months after shearing was only 
slightly greater (52%) than during the following six months (48%). 
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7— .the identification of fungi causing mildew in 

COTTON GOODS 

THE GENUS ASPEIfO/LLUS—PART II 

By George Smith, M.Sc., A.I.C. 

In a previous communication' descriptions were given of a number of 
AspergiUi which had been isolated from cotton goods. A number of the 
species had been proved to be the causal agents in actual cases of mildew 
damage, whilst the remainder had been found as common spore infections of 
commercial yams, and were regarded as possible or probable somces^ of 
trouble. Descriptions of a few forms which were still awaiting identification 
were omitted from that paper. These all belonged to two groups the 
A» glaucus series, and a group intermediate between A. glaucus and A, fumi- 
gatus, having conidia of the t}Tx; common in the A. glaucus series with all 
other parts of the fruiting organs more akin to A . funiigatus. It is proposed 
to designate this latter series the Aspergillus peniciUoides group, since it 
includes A, peniciUoides Spegazzini, and since most of the strains bear a 
strong resemblance to certain Penicilha of the Monoverticillate group 
(formerly Citromyces). During the last two years a considerable number of 
strains belonging to these two groups have been isolated from mildewed 
cloths and yams. In addition, by courtesy of the B.C.I.R.A., a number of 
cultures isolated at the Shirley Institute have been added to the collection, 
and an analysis of the whole series is now offered. 

A recent paper by Galloway^ gives a list of the species of fungi in the 
B.C.I.R.A. collection, including representatives of all the great groups 
of AspergiUi, excepting only A. clavaius, Galloway includes two groups 
which he designates respectively the A. glaucus Ifumigatus and the 
A, fumigatusinidulans groups, but gives no description of either. Typical 
members of the two groups have been examined. A representative of the 
A. glaucus Ifumigatus group was foxmd to be identical with i 4 . restrictus n. sp., 
described below, whilst the A. fumigatusinidulans group also falls in what 
is here termed the A, peniciUoides group, and the one strain it has been 
possible to examine is probably to be identified as A, gracilis Bainier. 
Galloway, in personal communication, states that his placing was based on 
the production of reduced sporing heads, and that neither two series of 
sterigmata nor perithecia, characteri.stic of A, nidiUans, have been observed. 
Since reduced conidial heads are common in several other species besides 
A . nidulans, notably in A . sydowi and in A . candidus, such occurrence alone 
can hardly be regarded as a sufficiently typical character to justify the alliance 
with A. nidulans, whereas two series of sterigmata are invariably found in 
A. nidfdans, even when the spore head is reduced to a form scarcely recog- 
nisable as an Aspergillus, and they form the chief mark of distinction between 
A, fumigatus and A, nidulans. 

THE ASPERGILLUS GLAUCUS GROUP 
With one possible exception, all the strains which have been studied 
produce ascopores of small dimensions, that is or less in long axis. Most 
of the forms have been identified without difficulty, but a few others appear 
to differ from all the species of which published descriptions are available. 
Mangin,® from a comparative study of 23 strains belonging to this^group, 
recognised five species and one variety, of which three species produce small 
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ascospores, namely. A, repens de Bary, i4. chevalierin. sp., and ^4. amstelodami 
n. sp. (all cited as Eurotium species in the original). Thom and Church* in 
the* main endorse Mangin’s classification, but recognise three additional 
species with ascospores less than 6// in Icngth—ii. ruher (Spieckermann and 
Bremer), A. sejunctus Bainier and Sartory, and A. scheelii B. and S. Un- 
fortunately they somewhat misquote Mangin in two instances. Regarding 
A. repens, they say, ‘Tn contrast to Mangin's restriction of the name to forms 
with ascospores 47 by yyfx, Sartory includes the whole series with ascospores 
fiom 4 to 5-6/i in long axis under the name." Mangin's diagnosis certainly 
gives the dimensions of the ascospores as 47 by 37//, but he actually studied 
seven forms which he recognised as A. repens and, in his table of ascospore 
characteristics, gives the dimensions respectively as 47 by 37jM, 47 by 37 
(5*6 by 4-i)^, 47 by 37/^, 5*1 by 4-2/^, 47 by 37/^. 5-1 by 3*6^, and 47 by 
37 (4*4 t)y 3*6)/^. He also admits a certain amount of variation in the 
markings of the spores. The second instance of misquotation is in the dec 
cription of A. amstelodami for which Thom and Church give "Colonies 
floccose, tardily green, glaucous or olive green, . . . Perithecia numerous, 
deeply surrounded by floccose mycelium; ascospores with furrow only, 
hyaline, smooth, 47 by 37/i," whereas Mangin's own diagnosis gives 
"Mycelium white, velvety (formant des gazons ras), slightly floccose at 
margins, becoming covered with conidiophorcs, small, crowded, greyish-green 
then glaucous, and finally olive green. Perithecia occurring amongst the 
(onidiophores, small, numerous, sulphur yellow .... Ascospores 
lenticular, hyaline, small, with definite furrow, by 37//," and, in his table 
of ascospore characteristics, he gives "47 by 37/i, with clear furrow and 
rounded crests." In view of the diagnostic importance which Thom and 
Church attach to the presence or absence of crests or ridges bordering the 
furrow, it is of interest that Mangin \s camera lucida drawings of the ascospores 
of his A . amstelodami (sec Fig. 2) show crests quite as definite as those figured 
for two forms of A . herhariorum. Regarding the dimensions of the ascospores 
Mangin gives 47 by 37^ fox* both A. amstelodami and A. chevalieri, but then 
he examined only a single strain of each of these two species, and it is reason- 
able to suppose that, if he had studied a series of cultures from different 
sources, he would have found and recognised, in both species, variations such 
as he admitted for A, repens and A, herhariorum. In this connection Tliom 
and Church state that "occasionally a culture is obtained with ascospores 
regularly and fairly persistently as small as those described for A. amstelodami. 
In many of the closely related strains, however, occasional ascospores of these 
particular dimensions are found among many somewhat larger . . . ." 

It seems to be essential to recognise that, throughout the A. glaucus series, 
the dimensions of the ascospores, though more constant than the dimensions 
of any other parts, may vary appreciably in any one species. Otherwise, in 
order to cover all the variations encountered, it becomes necessary to postu- 
late a very large number of species and to separate obviously related forms. 

For the present study 34 forms, belonging to this group, isolated from 
mildewed cloths and yams, and eight forms received from the B.C.I.R.A. (in 
the following table given Galloway's numbers preceded by "S."), have 
been examined in comparative culture. They were grown on wort- agar at a 
temperature of 25° C. Slides were made and dimensions taken of the conidial 
apparatus as soon as there was abundant production of conidiophores, and of 
the ascospores as soon as the perithecia were fully matured. The times taken 
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for the ascospores to ripen varied considerably, fixnn seven to ten days for 
some forms to six weeks or more for others. All microscopic mounts were 
made in lacto-phenol. The dimensions and markings of the ascospores are 
given in the following table — 

Table of Ascoapore Characteiiatlcs 


Smooth, without crests, ridges, or forrow I With smooth, shallow furrow. No crests 


Sp.No. 

Dimensions 

1 Sp No 

Dimensions pL 

A. 

13 

4-5-5-0 

X 

3-5-40 

A 4 

6-0 

X 

4-5 

C. 

6 

4-7 

X 

3-7 

, A. 6 i 

6-0 

X 

3-7-4-6 

r.* 

11 

4-7 

X 

3-7 

' A. 23 , 

6-0 

X 

4-5 

c. 

12 

4-7-5-0 

X 

3-5-40 

1 C. 120 

6-0 

X 

4-2-4-5 

c. 

13 

4-7 

X 

3-7 

r. 130 1 

6-0 

X 

4-0-4-5 

c. 

14 

4-7-5*l 

X 

3-7-40 

' C 140 

6-0 

X 

40-4-6 

G 

3 

4*7 

X 

3-7 

C. 160 

6-0 

X 

4-4 

G. 

7 

5*0 

X 

3-7-4-0 

G. 11 

6-0 

X 

4-0-4-5 

G. 

13 

4*7-5-0 

X 

3-7-40 

S 23 

6-0 

X 

4-0-4-2 

G. 

16 

4-7-5*2 

X 

3-5-4-0 ' 

' S. 55 1 

6-0 

X 

42-4-5 

C. 

5 

5-0 

X 

3-7-4-0 





S. 

1 1 

5-0-5*2 

X 

3-7-4-0 





S. 

120 1 

51 

X 

4-0 1 

1 




S. 

129 1 

5*0 

X 

3-8-4 -0 






With furrow and with small rounded crests i With deep furrow and well-marked crests 


Sp. No. 

Dimensions pL 

Sp. No. 

Dimensions pL 

A. 

75 1 

5-0-5-5 

X 

4-2 

A. SO ' 

4-7 

X 

3-3 

G. 

2 

5-0-5-5 

X 

4-0 

A. 97 

4-7- 5-0 

X 

3-2-3-5 

G. 

5 ‘ ' 

5-3-6-0 

X 

4-0-4-2 

. G. 1 

4-7-5-2 

X 

3-3-4-0 

G, 

6^ 

50-5-5 

X 

4-0-4-5 

' G. 8 

5-0 

X 

33-3-7 

G. 

10 

5-0-5-5 

X 

3-5-40 

1 G 9 1 

5-0. 5-2 

X 

3-5-3-7 

G. 

12 

5-0-5-5 

X 

4-0- 4-2 

G. 14 

5-0-5-2 

X 

3-5-4 -0 

G. 

15 

4-7-5-2 

X 

3-5-40 

S 89 

4-7 

X 

3-3 

G. 


52-5-6 

X 

4-0 

S. 106 

5-0 

X 

3-5 

S. 

81 ' 

5-0-5-5 

X 

3-8-4-2 





S. 

78 

5-5-6-2 

X 

4-5 

1 





The table has been divided into four sections, based on the shape of the 
ascospores. The different groujps are, however, equally well characterised 
by general appearance of colonies. 

Group I — ^The ascospores varied somewhat in dimensions. In a few 
strains the spores were remarkably uniform in size, whilst in others there 
WM appreciable variation, but in all cases the spores were quite smooth, 
without a trace of furrow or crests. In general aspect the colonies of all 
forms showed an intimate mixture of dirty green conidiophores and yellow 
to brownish-yellow, with maiigins floccose or stoloniferoas and reverse and 
medium dark brownish-red. They are all, therefore, regarded as A. repens 
(Corda) Saccardo, of which a sufficiently detailed description has already been 
given. ‘ 

Group II — ^The ascospores of all the forms were very similar in shape and 
dimensioTis. In all cases the colonies showed an intense red colous oil the 
surface, due to heavy incrustations of pigment on the hypha, and a red to 
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almost black colour in reverse. The surface colour was produced rapidly 
in some strains, tardily in others, but the final appearance was the same. 
This group belongs clearly with A. ruber (Spieckermann and Bremer), which 
also has been described in the previous paper. 

Group III — ^The general appearance in culture of all the strains in this 
group, with the exception of S. 78 (see below), was so uniform and character- 
istic that specific identity is presumed even though the variations in 
dimensions of the ascospores are somewhat large. They are placed with 
A. amstdodami (Mangin), for which an amended description is here given, 
sufficiently genei^ to include the whole series of forms, but differing appreci- 
ably from Thom and Church’s recognition of Mangin’s species. 

A, amstdodami (Mangin) — Colonies growing well on most common media; 
on wort-agar at 25° C. growing rapidly, dark bluish or greyish-green thickly 
speckled with sulphur yellow perithecia, becoming somewhat brown in age; 
reverse persistently uncoloured; surface velvety with slight floccosity at 
margins only; stalks arising from substratum, smooth, thin-walled, sometimes 
septate, brownish, widening upwards, commonly up to 12/i, occasionally more, 
in diameter; heads hemispherical or sub-globose when young, becoming loosely 
columnar up to 300// by 100-150/^; vesicles pear-shaped to nearly globose, 
fertile over whole surface or over upper two-thirds only, commonly up to 
30// in diameter; sterigmata in one series, mostly 6-9/^ by 3*5~4‘5/^, var5dng 
with temperature of growth and becoming larger and often proliferating to 
form secondary heads at low temperatures; conidia globose or slightly ovate, 
rough, 4-6/i in long axis at 20-25® C., becoming slightly larger at lower 
temperatures; perithecia sulphur yellow, in diameter; asci io*5// in 
diameter; ascospores with furrow and rounded crests, mostly 5'0-5'5/i by 
4*o-4*2/i, occasionally smaller (47 X 3 ’ 5 //) or larger (h-o x 4 * 5 /*), with 
clearness of furrow varying somewhat in different strains but always with 
definite, though small, crests. 

This species is readily distinguished in culture from the remainder of the 
group under consideration by the striking contrast between the very dark 
green of the conidiophores and the bright yellow of the perithecia, and by 
the total lack of colour in the medium. 

Form S. 78 was qmte distinct from all the other forms studied, in that 
it produced perithecia only with extreme tardiness. On wort-agar no peri- 
thecia have been observed. Sparse ascospore production was induced by 
growing on media containing a high percentage of cane sugar, such as the 
sweetened haricot decoction recommended by Mangin. On all media it 
produced large, dirty-green, conidial heads, with red incrustations on the 
hyphee and sometimes a violet colour in the basal felt of mycelium, and with 
reverse and medium dark dirty-brown. The ascospores, with furrow and 
small crests, were somewhat larger than those of A. amstdodami. The 
probable place is with A. herhariorum ser, minor (Mangin), close to Mangin’s 
“Form f," which is described as producing ascospores only under special 
conditions. 

Group IV — Seven of the eight strains, all excepting G. i, clearly belong 
with A. chevalieri (Mangin). This has not been adequately described in the 
earlier paper, and is given only a brief description by Thom and Church. 
The following is an amended diagnosis — 

A, chevalieri (Mangin). Colonies on wort-agar at 25“ C. predominantly 
perithecial at first, bright yellow, velvety, gradually showing patches of 
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dirty bluish-green conidiophores, with more abundant conidial growth at 
lower temperatures; reverse slowly becoming orange-red to deep red; stalks 
arising from substratum, smooth, thin-walled, septate, up to in dia- 
meter; heads radiate or more or less globose; vesides flask shaped, fertile all 
over or on upper half or two-thirds only, up to 25^1 or even 35/< in diameter; 
sterigmata in one series, mostly occasionally ii/i by conidia 

ovate, verrucose, about long at 25® C., becoming at 18-20° C.; 

perithecia 140/4, occasionally 150/4 in diameter; asci 10*5/4 in diameter; 
ascospores with deep furrow and well-marked crests, 4*7-5*2/4 by 3-3"'37/^* 
Mangin's description of the spores, ‘‘shaped like puUeys with bulging sides," 
is very apt. 

Form G. i differed from the remainder in producing smooth conidia, 
nearly globose, 3*5-4/4 in diameter. It is doubtful whether this difference 
alone is sufficient to separate it from the other forms, which it resembles 
closely in other respects. 

THE ASPBROiLLUS PENiCILLOtDES GROUP 

Group Characteristics — Colonies growing very poorly and non-character- 
istically on Czapek agar, growing moderately well or, in a few cases, quite 
freely on wort-agar, green, dark green, greyish-green, brownish-green, or 
blui^-grey; surface velvety but frequently heaped and buckled; heads 
typically colunmar; stalks lender, smooth, sinuous, often septate; vesicles 
inverted cone shaped, fertile only on upper surface; sterigmata in one series, 
closely packed as in . 4 . fumigatus; conidia barrel shaped to ovate, dark 
coloured, spinulosc, resembling the conidia of the A, glaucus series rather 
than those of A . fumigatus, 

Thom and Church recognise three species belonging to this group — 
A. gracilis Bainier, A, conicus Blochwitz, and A, penicilloides Spegazzini. 

A, conicus, distinguished by the production of masses of slime enveloping 
the conidial fructifications, has not been encountered in the present in- 
vestigation. The available descriptions of the other two species are decidedly 
fragmentary and, therefore, the diagnoses given below, whilst believed to 
be based on correct identifications, may possibly differ from the original 
authors' conceptions. 

A. gracilis Bainier. Apparently satisfied by a culture received from the 

B. C.I.R.A. as representative of Galloway's A, fumigatus jnidulans series. 
Colonics growing only moderately well on wort-agar, pale bluish-green, then 
dark green, becoming browner and greyer, and partially overgrown with dirty 
white sterile h3q)hae; reverse tardily brown; surface velvety, folded and 
buckled; heads forming compact slender columns, up to 300/4 by 20/4; stalks 
smooth, sometimes septate, about 3/4 in diameter at base, widening upwards 
to 4-5/4 in •diameter just below vesicles; vesicles conical, flask shaped or 
sub-globose, 9-12/4 in diameter; sterigmata in one series, closely packed, 
with outer ones curved towards aids, 5*5-8/4 by i‘5-2*5/4; conidia green, 
barrel shaped, delicately rougheneci, 4-5/4 by 3/4. In general appearance 
resembling closely certain monoverticillate Penicillia, 

A, penicilloides Spegazzini (Figs. 3 and 7). The description here given 
covers a number of strains isolated from mildewed dhooties. Although 
some of the dimensions ’are larger than those cited by Thom and Church for 
a culture accepted by Spegazzini, it is considered that the true affinity^of this 
series of strains is with Spegazzini's species. 
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Colonics growing fairly slowly on Wort-agar, rich dark green with paler 
edge, turning darker and duller, and finally becoming dirty greenish-grey 
oveigrown with sterile hyphds; reverse brown, greenish-brown, and dark 
green in patches; surface much wrinkled and folded; heads globose when 
young, 40-yofjt in diameter, becoming columnar, somewhat ragged, and up 
to 200/4 long; stalks arising either from substratum or from aerial hyphae, 
smooth, thin walled, 75-150/4 long by 6--10/4 in diameter; vesicles rather 
sharply marked off from stalks, pear shaped to sub-globose, 15-23/4 in 
diameter, fertile over the upper half or two-thirds; sterigmata in one series, 
crowded, 8-10/4 by 2*5-3-5/4; conidia ovate, barrel shaped or nearly spherical, 
usually showing connective, rough, 3*5-5/4 by 3*2-4//, with very dark coloured 
walls. Distinguished from the succeeding species by the greener colour of 
the colonies, by the shape of the heads, 'particularly when immature, and 
by the somewhat smaller conidia. 

A . restrictus n. sp. (Fig. 5). The following diagnosis covers a large number 
of strains obtained from mildewed cloths, including one received from the 
B.C.I.R.A. 

Colonies growing very poorly on Czapek agar; growing moderately well on 
wort-agar, dark dull green, gradually turning grey or brownish-grey; reverse 
in some cultures uncoloured, in others green to dark green; surface velvety 
at first, becoming wrinkled and often acquiring a warted appearance; heads 
forming long, compact, slender coliunns, up to 350// by 20-30/4 in diameter; 
stalks arising mostly from substratum but also as branches of aerial h5q)hsc, 
commonly 50-100/4, occasionally 150 200/4 long by 3“3*5/4 in diameter, 
often with one or two septa, smooth, sinuous, uncoloured; vesicles flask 
shaped, 7*5-14/4 in diameter; sterigmata in one series, borne on upper surface 
of vesicles only, 6-9/4 by 2*5 3/4; conidia rough spinulose, elliptical or some- 
what pyriform, often showing a distinct connective, dark greenish-brown, 
4-6*5/4 by 3-4/4, mostly 4*5-6/4 by 3-3*5//. The young conidia are hyaline 
and cylindrical and almost appear to be segments of enormously elongated 
septate sterigmata. They gradually .swell without increasing in length, 
at the same time becoming pigmented, but even in old heads they adhere 
strongly together in columns of parallel chains and mounts made in lacto- 
phenol usually show compart, twisted, columnar masses of ripe conidia, both 
attached to and separated from the heads. 

In an extended series of cultures, on a variety of media, no tendency to 
perithecium formation has been observed. 

A. restrictus n. sp. variety B (Figs. 4, 6, and 8). One strain, obviously 
allied to the foregoing, has differed from all others in showing somewhat 
larger dimensions throughout and, more particularly, in the production of 
conidia up to 10/4 or more in length. 

Colonies growing well on wort-agar; columnar heads up to 600/4 by 40/4; 
stalks 3-7/4 in diameter; vesicles up to 18/4 in diameter; sterigmata mostly 
7 * 5 /* by 3-3*5/4, but occasionally attaining 13*5/4 by 4-5/4; conidia very dark 
brownish-green, spinulose, varying much in shape and size, nearly globose 
4-7/4 in diameter, or ovate to pyriform 5-14/4 by 3*6-6*5/4. 

The author's thanks are due to the Director of the B.C.I.R.A. for free 
access to the culture collection of the Shirley Institute, and to Mr. L. D. 
Galloway for much helpful assistance; also to Messrs. Boardman and Baron 
Ltd., for permission to publish this paper. 
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EXPLANATION OF PLATES 

Fig. I. Mangin's illustrations of ascospores of A. kerbariorutn . 

As. C, As. 0, and As. A. kerbariorutn series minor. 

As. /i, and as. f] -A. kerbariorum series major. 

Fig. II. Mangin's drawings 01 ascospores of three species in the section of the A. 

glaucus group with spores less than 6/1 in long axis. As. repens. 
As. chevalieri. As. 6 — A. amsielodami. Note the similarity 

between As. 6 and As. pi. 

Fig. III. A. penicilloides, photographed from specimen mounted in lacto-phenol. 
X250. 

Fig. IV. Conidia of A. restrictus var. B., some of them fairly young and definitely 
cylindrical, y 1,000. 

Fig. V. A. restrictus, from specimen mounted in lacto-phenol. X 500. 

Fig. VI. A. restrictus var. li., mounted. X 250. 

Fig. VIJ. A. penicilloides, photographed from living culture in Petri dish, showing 
heads of various shapes, from nearly globose to definitely columnar. X 50. 

Fig. VIII. A. restrictus var. B., from living culture, showing columnar heads up to 6 oopL 
long. X 50. 
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INTRODUCTION AND SUMMARY 

The present work was undertaken in order to ascertain the composition 
and amount of the non-cellulosic constituents of commercial rayons, and the 
extent to which the cellulose itself is chemically modified by the processes 
involved in the manufacture of the yams, in the hope that the results would 
illuminate some effects of the technical operations concerned in the bleaching, 
dyeing, printing, and finishing of cotton»rayon and all-rayon fabrics. 

While within recent years considerable progress has been made in im- 
proving the mechanical and physical properties of tliese yams, it would appear 
from a study of the literature that their chemical characteristics have 
received little attention. Such papers as have been published have recorded 
the results of very few tests, and their value has often been diminished by the 
omission of adequate descriptions of the materials used. Possibly this 
lack of data may be due to a feeling that the rapid improvements in manu- 
facturing technique might render any detailed records of results out of date 
almost before they were published, but it is considered that the majority of 
rayon products are now sufficiently stabilised for the accumulation and 
publication of such data to be worth while. Moreover, an examination of 
the chemical properties of rayon, showing the kind of variation to be expected 
in normal commercial samples is a necessary preliminary to the work on the 
chemical effects of bleaching and finishing now being carried out in the 
Association’s laboratories. 



txx8 8 — The Chemical Analysis of Rayons — Ridge^ Parsons, and Comer 

LKemture 

Kami^* has determined the percentages of ash and material extractable 
by solvents in a large number of samples of viscose, several of cuprammonium, 
and one of acetate rayon* and the water-solubility and sulphur content of 
a few — chiefly Japanese — ^varieties, and since his results may not be gener- 
ally available, they are reproduced in Table V, p. T131. Wahl and RoUand** 
have recorded the copper number (Schwalbe-Braidy), ash, and sulphur 
content of a few kinds of viscose, cuprammonium, and nitrocellulose rayons 
(Table VIII, p. T134). These results are substantially confirmed by the 
present work, but the sulphur values obtained by Wahl and Holland corre- 
spond with those found for undesulphuriscd rather than desulphurised 
viscose, and their values for cuprammonium yams are about ten times as 
high as the highest now given. The reason for this is not clear. Ristenpart*^ 
has determined the loss of weight suffered by rayons on treatment with 
boiling 4% sodium hydroxide solution for 30 minutes — conditions somewhat 
different from those employed in this investigation — but the order in which 
his method places the different types is the same as that now found. Ash 
content has also been studied by Reinthaler, and his range for viscoses 
(o*2-0'35%) is confirmed, but Courtaulds' Dulenza and the Fibro staple- 
fibre material now examined do not show the abnormally high values pre- 
viously reported by him, whilst the lowest content is found for Bemberg 
cuprammonium yam made from cotton linters (with acetate rayons next 
in order) instead of for acetate rayons. His statement that nitrocellulose 
rayon yams generally have values exceeding 1% does not hold for the one 
sample of Oboiu-g material now tested, and the present results show that it 
is possible to differentiate between cuprammonium rayon yams made from 
wood pulp and cotton linters respectively. Several of the materials tested 
by him were of pre-war manufacture, and, probably, discrepancies between 
his results and those now recorded are to be attributed to improvements in 
manufacturing technique that have tended to reduce the non-ceUulosic 
residues to a minimum. Thus, to quote from the figures given by Reinthaler, 
the 1914 Obourg nitrocellulose rayon yams had values of 2-2*2%, whilst 
a 1927 sample had an ash content of only 0*36% — a value in agreement with 
the 0*43% now found. 

Scheme of Work and Results 

The materials used in the present investigation have been obtained from 
comparatively few firms, but the samples themselves may be regarded as 
fully representative of good quality yams belonging to the different types of 
rayon, and in order to obtain as much information as possible about their 
chemical characteristics and the non-cellulosic impurities they contain, the 
following properties have been measured for standard (first quality) varieties 
of viscose, Lilienfeld, cuprammonium, acetate, and nitrocellulose rayons of 
recent manufacture, mostly of British origin— copper number, loss of weight 
on boiling with alkali, methylene blue absorption, fluidity in cuprammonium 
hydroxide solution, ash content and ash alkalinity, material extractable by 
solvents, sulphm, copper, and iron content, and for acetate rayons, the 
acetic acid content. Mean values of the experimental results are collected 
in Table I, and the methods of measiuemcnt employed (except for copper 
and iron) are described, where necessary, in tbe experimental section. 

Inferior grades of rayon are stated to differ from first grade material 
chiefly in the physical condition of the yams when sorted in the finj^ed 
state; in other words, both first and lower grade yams are spun from the 
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same solution, but those hanks of the finished yam that do not comply with 
the requirements for first quality as regards weight, number of broken fila- 
ments, yam breaks, etc., are classified as lower grade. Whilst this may 
be true in general, it is possible that the lower grades occasionally include 
yams obtained from, say, over-ripe or otherwise inferior spinning solutions, 
and whereas in the former case the chemical properties of first and lower 
grade yams would be the same, in the latter they would differ. Thus the 
fluidities of the fifteen samples of lower grade viscose rayon, recorded in Table 
IV, p. T128, mostly lie about the normal figure of 10 for unbleadied material, 
but three values are higher even than the normal figure for bleached viscose. 
Variations of this kind would be expected when the chemical nature of the 
spinning solutions was adversely affected. With this exception, no attempt 
has been made to study the properties of lower grade materials, although 
such an investigation might be of some value in view of the increasing demand 
for such yams for weaving on account of their lower pnee. 

Of the chemical properties mentioned above, the first four are dependent 
mainly on the extent of chemical modification of the cellulose itself, while 
the remainder are indicative of the nature and amount of the non-cellulosic 
impurities, which may be derived from the wood pulp or cotton raw material, 
free sulphur and sulphur compounds, metallic salts, etc., used during the 
manufacturing processes, or from the soaps or oils used as yam dressing 
agents. 

The chemical processes involved in the manufacture of rayons, either 
from purified cotton or wood pulp, are such that some attack of the cellulose 
itself is to be expected, since in all such treatments either oxidation or acid 
attack or both may occur. It is to be anticipated, therefore, that the 
chemical properties of these materials will resemble those of modified cotton 
cellulose rather than those of the purified but otherwise unchanged material 
Table I shows this to be so. Thus, whereas the copper number, loss of weight 
on boiling with alkali, methylene blue absorption, and fluidity of purified but 
chemically unchanged cotton are respectively near to zero, o*8~i-o%, 

and i~3, the corresponding values for normal viscose are about i, 6-8%, 
1*5-2, and 35-40 (or, in 2% solution, 10-12, see ‘‘Fluidity,** Experimental 
Section). For other varieties of rayon the individual values are different; 
for example, the fluidity range of Lilienfcld and cuprammonium rayon yams 
is considerably lower (3-f) in 2% solution) than that of viscose rayon. 
Enhanced attack of the cellulose, however, is always indicated by increased 
values of one or more of these properties, and it should therefore be borne 
in mind in textile processing that rayon yams behave chemically like over- 
bleached or acid-attacked cotton. This is illustrated by the loss of weight 
on boiling with alkali. It has been shown previously* that oxycelluloses of 
copper number about i, prepared from scoured cotton by the action of 
different oxidising agents, all lose 6-8% in weight as a result of treatment 
with boiling 1% sodium hydroxide solution for four hours, and it is now 
shown that normal viscose rayons, which have about the same copper 
number, experience the same loss imder identical conditions. The amount 
of this loss is virtually the same as that found when grey, unbleached cottons 
are scoured imder technical conditions, so that a grey cloth woven from 
cotton and a normal viscose yam would lose roughly the same percentage of 
weight from both components in, say, an open or pressure boil, though a 
viscose rayon of higher copper number would lose more weight in this process. 
Coupled with the fact that it is difficult to obtain a good white in cotton 
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without giving the material an e&cient pressure boil, this suggests that in 
dealing with certain classes of mixed cotton-rayon fabrics, such as, for 
example, handkerchief cloths, in which loss of weight of the rayon would be 
accompanied by loss of strength, cover, and possibly lustre, it would be well 
to consider whether greater economy would not be effected in the long run 
by the use of scoured or bleached, instead of grey cotton warps, when a mild 
washing treatment, followed if necessary by a very light chemick, would 
give a good white in both component yams without detracting from the 
strength or handle of the fabric. 

Apart from its chemical composition, the physical condition of the 
cellulose, i.e. its degree of swelling or dispersion, plays an important part 
in determining the behaviour of the rayon material in such operations as 
dyeing and bleaching. For example, the series plain cotton, mercerised 
cotton, and viscose rayon represents three stages of increasing degree of 
dispersion of the cellulose, and if samples of all three arc dyed together in 
the same dyebath, their order of increasing depth of shade is that given. 
It is, however, unlikely that increasing the degree of dispersion has any 
effect whatever in giving rise to the higher initial values for rayons of the four 
properties mentioned above, since the increased dispersion caused by the 
mercerisation of cotton produces no significant increase in the values of those 
properties (see Table IX, and Clibbens and Geake,’»® and Farrow and 
Neale“). Hence it may be considered that the enhanced degree of modi- 
fication exhibited by rayons is due to chemical alteration of the cellulose, 
as distinct from swelling, during the processes concerned in the production of 
the yams, and perhaps also of the starting materials themselves. 

None of the chemical properties measured can be used to characterise all 
the varieties examined; thus copper number and loss of weight on boiling with 
alkali fail to distinguish between viscose, Lilienfeld, and cuprammonium 
yams made from wood pulp; methylene blue absorption is lowest for acetate 
rayons, but is otherwise very variable, and fluidity values are low and approxi- 
mately the same for Lilienfeld and cuprammonium rayons made from cotton 
linters (Bemberg type), and are high for acetate varieties, though here they 
are of little significance because these are not composed wholly of cellulose. 
The difference between cuprammonium yams made from wood pulp and from 
cotton linters is shown by all these properties except methylene blue absorp- 
tion, and the lower values obtained for the cotton products are presumably 
connected with the lower initial state of chemical attack of the cellulose in 
the linters than in the pulp. An illustration of this is afforded by a com- 
parison of the properties of typical samples of these two materials as 
recorded at the end of Table I, and it is a significant fact that in the manu- 
facture of acetate and nitrocellulose rayons, in which the chemical attack 
of the cellulose is much greater than obtains with viscose, it is at present 
impossible to use wood pulp as starting material on an industrial scale. 

In general, loss of weight on boiling with alkali runs parallel to copper 
number, and the order of increasing loss is — cuprammonium, viscose, and 
Lilienfeld varieties (bleached and unbleached) about nitrocellulose 

about 19%, and acetate 46-48%. Athough the bulk of the loss of the acetate 
is due to the removal of acetic acid residues, some of the cellulose material 
is also lost. It is sometin^es stated that acetate rayons are much more re- 
sistant to attack by oxidising (bleaching) solutions than are other varieties 
of rayon; while the truth of this statement is not at present in question, it is 
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certain that tendering of these materials occurs most readily when they are 
treated with hot alkaline liquids, owing to loss of acetic acid through the 
hydrolysis of the cellulose acetate compound. In this case, fluidity 
measurements yield results the interpretation of which is entirely different 
from that placed on the results of similar measurements made on cotton 
and regenerated cellulose rayons. Furthermore, copper number determina- 
tions alone are of little value, so that the most obvious method of assessing 
the extent of tendering of acetate rayons would appear to be by determina- 
tion of their acetic acid content. The percentages of acetic acid (53-54%) 
corresponding to the original chemically unchanged materials are given in 
Table la, for different samples of acetate rayon, and values below these are 
indicative of tendering to a greater or less degree. 


Table la 

Acetic Acid Content of Acetate Rayons 


I % Acetic*Acid 

Material 






0*st Method 

Barnett Method 

SeracL‘ta (not extracted) 
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...i 
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»» II 
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... 
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1 _ 
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It is found, however, that the fluidity of partly hydrolysed acetate 
rayon in cuprammonium hydroxide becomes greater as the degree of 
hydrolysis increases and that there is a linear relationship between the 
fluidity and the loss of strength or the loss of acetic acid. This relationship 
must be attributed to the increase in the proportion of cellulose present in 
the material as the acetic acid is progressively removed and the use of the 
fluidity measurement for the assessment of tendering of acetate rayons by 
saponification is being further elaborated. 

All the chemical tests applied agree in showing the chemical inferiority 
of nitrocellulose rayon compared with other members of the regenerated 
cellulose type, and its high loss of weight on boiling with alkali is almost 
sufficient in itself to condemn the use of this yam as a high grade textile 
material. 

As already indicated, the amount of non-cellulosic residues in rayons is 
very small, if added dressing agents, such as oil, are neglected; for example, 
the ash content of the cuprammonium varieties prepared from cotton is less 
than 0*1%, whilst for the acetate varieties it is about 0*13%, and for normal 
viscose rayons about 0*2%. Abnormal viscose rayons, i.e., those not de- 
sulphurised (Tudenza), or hollow kinds (Celta), and cupranunonium rayon, 
made from wood pulp (Brysilka) have higher values, which, however, are 
still less than 0-5 per cent. The percentage of matter extracted by organic 
solvents depends largely, of course, on whether oil or soaps have been used 
in the manufacture or finishing of the yams, and on whether the rayon has 
been desulphurised. It is generally less than 0-3%, but may be as high as 
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2 - 2 * 5 % oiled yams, while for undesulphurised viscose rayon fairly high 
values are found owing to the xnedianical removal of sulphur during the 
solvent extraction. The ease with which this substance may be removed 
mechanically is shown by the fact that when such yam is used as weft in the 
loom, a fine yellow deposit of sulphur is often found round the eye of the 
shuttle. 

Owing to the presence of sulphur in the free state, or in unstable com- 
pounds, tile total amount of this element present is not necessarily included in 
the values for ash content, and an estimate of the total impurities can only 
be made by taking into consideration ash and sulphur contents and extract- 
able matter. An average value of the sulphur content is about o*02%, but 
higher values, not exceeding about o*o 6 %, are found for the acetate and 
Nuera Lilienfeld varieties, and that for undesulphurised viscose rayon 
(Tudenza) is about ten times as high as for the desulphurised product. 
Bemberg cuprammonium rayon, made from cotton linters, contains only 
a trace of sulphur, whereas the Brysilka, from wood pulp, may have the 
average amount of 0*02%; hence the differentiation between viscose and 
cuprammonium rayons by means of a sulphur determination is trustworthy 
only in so far as it is certain that the cuprammonium material under examina- 
tion was made from cotton. It has frequently been laid down in the technical 
literature that viscose and cuprammonium rayons may be distinguished 
from one another by the presence of sulphur and absence of copper in the 
former, and the reverse in the latter, but it is now shown that both elements 
are generally to be found in both types of material. Whilst such statements 
xhay have had some foundation in the earlier days of manufacture, when the 
amounts of impurity left in the yams were much larger than they are to-day, 
and when less rigorous methods of analysis were employed, the present 
investigation shows that modem practice has tended towards the elimination 
of all but the smallest amounts of non-ccUulosic residues, and that, therefore, 
all such qualitative tests as the above must be reconsidered in the light of 
this knowledge. 

The results of further examination show that the Tenasco Lilienfeld rayon 
contains combined sulphuric acid. This has not been found in any of the 
other regenerated cellulose yams examined, although acetate rayons® are 
known to contain such acid. 

Additional information regarding the composition of the ash is given by 
the atii alkalinity, copper, and iron values. Abnormally high ash alkalini- 
ties are shown in Table I for Obourg, Tudenza, and Celta viscoses, the staple- 
fibre products Fibro and Vistra, and for the Brysilka cuprammonium rayons, 
but while these are normally accompanied by high alkalinity per gram of 
ash, the reverse holds for Vistra and Tudenza, which therefore contain a 
huge percentage of inorganic matter incapable of neutralising acid, e.g. 
silica, stable neutral salts, and so forth. 

Considerable importance has been attached to the determination of the 
heavy metal content of rayons, since the yams themselves are very susceptible 
to attack by chemical agents in virtue of the high degree of dispersion of the 
cellulose of wbith they are composed, and traces of such metals are well 
known to exert catal3^ic action in accelerating the attack of cellulose by 
hypochlorite and other oxidising liquids, such as are used in the bleaching of 
textile fabrics. It is not impossible, therefore, that rayons with a high heavy 
metal content might be more easily tendered than those of lower content on 
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this account, and that certain observed cases of local tendering in rayon 
yams and fabrics might be attributable to this cause. 

Qualitative analysis of the ash obtained both by the ordinary and by acid 
ashing methods showed the presence of copper, iron, aluminium, calcium, 
sodium, and in some yams traces of zinc, whilst lead, chromium, nickel, and 
manganese were absent, and since the only metals present of catalytic 
importance are copper and iron, quantitative determinations were confined 
to these. The largest amounts of copper found were of the order 8-10 mgm. 
per 100 g. of dry rayon, and this quantity is so small that unless almost the 
whole were localised at one place in the yam — an extremely unlikely state 
of affairs — the possibility of damage in bleaching due to catalytic effects such 
as those suggested may be considered small. It was surprising to find that 
the highest copper contents were shown not by the cuprammonium yams, 
but by the acetate and Tenasco (Lilienfeld) rayons, which gave values of 
i* 6~9 mgm. per 100 gm. Cuprammonium varieties— with the exception of 
the 1928 quality Brysilka, which was a standard product at the time of its 
purchase, but has now been replaced by a superior yam — ^have a mean value 
of about 0*6 mgm. whilst that for normal desulphurised viscose rayons is 
about 0*22 mgm. 

The copper values given in Table I were obtained by analysis of a hydro- 
chloric acid solution of the ash remaining after complete combustion of the 
rayon in a platinum dish; the factors affecting loss of platinum from the 
dish and the quantitative recovery of copper under the conditions of ashing 
and of dissolution of the residue employed will be discussed in a separate 
paper. It will be shown that the loss of copper probably does not exceed 
10% of the amount foirnd, and may be much less than this. Such an error 
does not significantly affect the conclusions drawn from the values given. 

Iron content does not necessarily run parallel to copper content, although 
viscose rayons have the lowest values of both. For these yams the range is 
07-2 mgm. and for aU other varieties about 2’3-4*2 mgm. per 100 gm. of 
dry rayon. Reference to Table I shows that for many of the viscose samples 
the total iron and copper content represents only about 1%, and for acetate 
rayons 6-7% of the ash; hence the heavy metal content of good quality 
yams of any variety may for all ordinary purposes be considered negligible. 

DISCUSSION OF RESULTS 

I— The Extent of Chemical Modification of the Cellulose 

It has already been stated that in all varieties of rayon the cellulose has 
suffered chemical attack, but the extent of this modification varies according 
to the type of yam, the starting material used in its manufacture, and the 
conditions of any bleaching treatment to which the material has been sub- 
mitted. Further, an estimation of the degree of chemical attack is dependent 
to some extent on the particular test or tests used as a means of measure- 
ment. For example, a high copper number may result from tendering of 
the cellulose, or it may be due to non-cellulosic impurities associated with 
substantially undamaged cellulose in the yam. Similarly, the loss of weight 
on boiling with alkali, the methylene blue absorption, and the fluidity may 
also be affected by the presence of impurities. Previous work* on the 
chemical attack of cotton cellulose has also shown that under some con- 
ditions of bleaching a high copper munber and a low methylene blue absorp- 
tion may be obtained for the same material, while under others exactly the 
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reverse is found; hence the danger of relying solely upon one chemical test 
as a measure of the modification of cellulose cannot be too strongly em- 
phasised. When chemical damage of the material has been considerable, 
as, for example, in the Obourg nitrocellulose ra3ron (see Table I), enhanced 
values for all these properties are obtained, but for comparatively mild attack 
some may be high while others are low, as for the Obourg viscose rayon, where 
relatively high copper number and methylene blue absorption are accom- 
panied by low loss of weight and fluidity. The effect of non-cellulosic 
impurities in significantly modif3dng such values must, however, be con- 
sidered very small, except for the methylene blue absorption, in which case 
ash alkalinity is known to be of some importance. As with cotton, there 
can be no doubt that the fluidity measurement affords the most reliable 
means of estimating the extent of chemical attack. 

Copper Number 

The values for viscose rayon, including staple-fibre materials, lie within 
the range o*8-i-2, except for Obourg and Celta (hollow) varieties, where they 
are abnormally high. A high value is also n^corded for one of the bleached 
Moresia yams, but there it is accompanied by a high fluidity and may no 
doubt be a.scribed to the yam bleaching treatment. Lilicnfeld rayons in 
the unbleached state behave like ordinary viscoses, whilst the cupr- 
ammonium yams show two ranges of values — i-i*5 and o*5-o-6; the former 
covers the normal viscose range, while the latter is considerably below it, 
and it is significant that viscose rayons and the cuprammonium rayon of the 
type with higher copper number (Brysilka) are manufactured from wood 
pulp, whereas those corresponding with the lower range are made from 
cotton linters; the former material is, of course, more degraded chemically 
than the latter (see Table I, wood pulp and cotton linters). 

Both the acetate and nitrocellulose rayons have high copper numbers 
ranging from about 2-8~3’2, but whilst there can be no doubt that this is due 
to chemical degradation of the cellulose units in the latter, it does not 
necessarily follow that the copper number of a cellulose ester can be inter- 
preted in exactly the same way as that of an all-cellulose substance, such as 
viscose- or cotton-cellulose. The following results, however, indicate that 
the high value obtained for acetate rayon must stiU be ascribed to chemical 
attack of the cellulose unite, themselves in the same way as for ordinary 
cellulose. Thus, the cellulosic residue remaining after the complete hydrolysis 
of acetate rayon (Seraceta yam) with dilute sodium hydroxide solution — 
conditions that have a negligible effect in increasing the extent of chemical 
modification of the cellulose — has a fluidity of 12-13 2% solution and a copper 

number of 2*5, both of which are high even for a regenerated cellulose. On 
the other hand, the copper number of a mixture of viscose rayon and sodium 
acetate in the proportions that would be present if, c.g. Seraceta yam were 
completely hydrolysed with alkali (as must happen during the boiling 
treatment with the alkaline solutions used in the determination of copper 
number) to give sodium acetate and a residue similar to viscose cellulose, is 
0-84, i.e. no higher than that of normal viscose rayon itself. 

As is well known, the copper number of a modified cellulose is diminished 
by treatment of the materid with alkaline solutions, more especially if they 
are hot, owing to dissolution of some of the reducing substances in the 
liquid. Increasing hydrolysis of acetate rayon with an alkaline solution 
also causes a progressive f^ of copper number, and it must be remembered 
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when assessing the value of this property that a high copper number may 
correspond with no tendering, whereas a lower value may coincide with 
considerable loss of strength owing to hydrolysis. 

Loss of Weight on BolUng with Alkali 

It has been shown previousl}^*^^ that for the initial stages of chemical 
attack of cotton cellulose the loss of weight on boiUng with alkali under the 
conditions standardised is approximately proportional to the copper number 
of the modified material, and it would be anticipated, therefore, that the 
losses suffered by rayon yams would be greater the higher their copper 
numbers. Reference to Table I shows that, in general, this is so. Thus 
for viscose, cuprammonium, and Lilienfeld rayons of copper number up to 
about 1*2 the loss is about 6-8%, for those of higher copper number up to 
1*5 it is about 11%, whilst nitrocellulose rayon of copper number 275 loses 
19%; these are the losses that would be expected according to the relation 
established by Clibbens, Geake, and Ridge^^, on the assumption that 
rayons of the regenerated cellulose type behave chemically like oxycelluloses 
of the same copper number prepared by the oxidation of cotton. Naturally 
the highest loss is found for acetate rayons, since under these conditions of 
treatment complete hydrolysis of the cellulose acetate occurs. For Court- 
aulds’ Seraceta yam, which contains about 2% of material extractable by 
solvents, complete hydrolysis corresponds with the loss of weight, due to the 
removal of acetic acid residues, of 38%, and since the dressing material is 
also removed by the boiling, a total loss of 40% would be expected. Under 
the standard conditions, however, a loss of about 48% is found, from which 
it must be concluded that roughly 8% of cellulosic material is simultaneously 
removed. 

The effect of prolonging the time of boiling with alkali beyond i hour 
IS small, since, for example, Tudenza yam, which showed a loss of 6*8% 
after one hour, lost only 7*3% as a result of four hours treatment, so that the 
bulk of the soluble matter is removed during the early stages of the boil. 

Methylene Blue Absorption 

The methylene blue absorption of viscose rayons ranges from about 
1-3-2, and, as with their copper numbers, the values of the Obourg and 
(^Ita varieties are high; the highest values, however, are found for the 
staple-fibre products Vistra and Fibre, although their corresponding copper 
numbers arc low. With the exception of the 1928 Brysilka — ^which was 
known to be of inferior quality from its chemical properties — cupr- 
ammonium varieties have values within the viscose range, while the acetate 
rayons have the lowest absorptions measured, 0-8-I-2. In this respect their 
behaviour towards the dyestuff is similar to that towards water; for example, 
the moisture content of these yams is generally less than 6%, whereas that 
of viscose rayons, and other types of regenerated cellulose, is near to 11% 
under the ordinary conditions of temperature and humidity. High values 
of over 2 are obtained for the Lilienfeld yams, and these might be expected 
if the materials retain combined sulphuric acid owing to the conditions of 
their preparation. Thus, it has been shown by Clibbens and Geake^ that 
whilst attack of cotton cellulose at the ordinary temperature by hydrochloric 
or sulphuric acids of relatively low concentration is accompanied by a 
decrease of methylene blue absorption, when sulphuric acid is used in con- 
centrations of 50% or over, an increased absorption results which is definitely 
J 
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associated with an enhanced retention of acid. Lilienfeld yams are manu- 
factured by spinning the viscose solution into coagulating baths of 50-85% 
sulphuric acid, with or without the addition of salts, and in these circum- 
stances retention of acid is not improbable. In the experiments made by 
Qibbens and Geake,® combined sulphuric acid was found as a result of 
steeping the cotton in the relatively concentrated solutions for some hours, 
whereas in the manufacture of the Lilienfeld rayons the time of contact with 
the acid must be comparatively short, but it should be remembered that 
prior to and during coagulation the cellulose present in the viscose is in a state 
of maximmn liability to chemical attack, and therefore an effect that takes 
some hours to produce with normal cotton may occur in a few minutes with 
freshly precipitated cellulose. It is very unlikely that the high absorptions 
shown for the staple-fibre products Fibro and Vistra are due to retention 
of acid, because these materials are made under substantially the same 
conditions as the ordinary viscose rayons, i.e. the viscose solutions are 
coagulated by means of dilute acid, and/or salt baths, and it is more probable 
that here they are to be attributed to the abnormally high ash contents and 
ash alkalinities of these materials. In order to examine further the reasons 
suggested for the high absorptions of the Lilienfeld and staple-fibre products, 
the following experiments were undertaken. It has been shown previousl}^ 
that cotton materials that have a high ash content and ash alkalinity also 
have a high methylene blue absorption, but if the amount of alkaline ash 
constituent is reduced by acid washing a corresponding fall of absorption 
occurs. On the other hand,^“ if the high absorption is due to combined 
sulphuric acid, even a prolonged boil with alkali fails to remove more than 
about 50% of this acid, and the absorption cannot be reduced to a normal 
low value. Samples of the Vistra and Fibro staple fibre, and of the Durafil 
and Tenasco Lilienfeld rayons, were accordingly steeped in dilute (o*iN) 
hydrochloric acid for half an hour, washed to neutrality with distilled water, 
dried in the air, and their absorptions again found. The results are given 
in Table II, and it is .seen that whereas the values for the Vistra, 
Fibro, and Durafil are considerably reduced by this treatment, that of the 
Tenasco is unchanged. Hence, soluble material to which their high absorp- 
tions are partly due, has been removed from the former but not from the 
latter. These values also show that there is a difference between the Durafil 
and Tenasco Lilienfeld yams in that the high absorption of the former is due 
to the presence of soluble impurities, but that of the latter is not, as will be 
seen later, and a further difference between these materials is shown by 
their respective values for ash, ash alkalinity, and sulphur content (Table I), 
It has also been shown® that a comparison of the methylene blue absorptions 
obtained by steeping the material in dye solutions of pH 7 and pH 27 gives 
definite information whether the chemical attack of cotton, which gives rise 
to a high absorption in neutral solution, has been caused by oxidising action 
(over bleaching) or by acid attack under such conditions that combined acid 
is retained by the cellulose. Thus, oxycelluloses show a pronounced decrease 
of absorption from the acid dye solution compared with the neutral liquid, 
but hydrocelluloses show only a small decrease or even increased values in 
the pn 27 solution. Measurements of the absorptions of the above materials, 
and also of Courtauldsl“A Quality" Viscose, were accordingly made in these 
dye solutions on separate samples of the well cut-up and mixed n^terial; 
the results are given in Table III. (It was not found practicable to measure 
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the absorptions on the sMne sample in the two liquids in the manner recom- 
mended by Clibbens and Geake, because, even after four treatments with 
boiling acetic acid, a considerable amount of methylene blue was left on the 
fibres after the first absorption measurement, and this interfered with the 
second determination.) The values recorded show that with aU the materials 
except Tenasco a considerable fall of absorption occurs for the pYL 27 solution. 

Table II 

Me thyle ne Blue Absorptiona of LiUenfeld and Staple Fibre Rayons 

^ Absorption 

Variety Millimoles per 100 gm. of Dry Material 

Before 1 After Acid Washing 


LiUenfeld — 

Courtaulds’ Durafil ... 

2 14. 2-20, 2-07, 2-12 

1-50 

Nuera Tenasco 

... 2 07, 1-67, 2-23, 2 18 

2-23 

Staple Fibre — 

Vistra 

2-36 i 

1*72 

Fibre 

4*56 (1 gm. Sample)* ; 

2-3 


♦When 2-5 g. of this material was used the dye solution was almost completely 
exhausted, so that the smaller weight was taken. 


Table III 

Methylene Blue Absorptions from Solutions of pH 7 and pH 2*7 


1 

Material (Acid Washed) 

Absorption 

Millimoles per 100 gm. of Dry Material 


pn 7 

! 2-7 

LiUenfeld — Durafil 

1*50 

0-92 

Tenasco 

1-79 

! 1-75 

Staple Fibre — ^Vistra 

1-72 

i ^‘3 

Fibre 

2-3 

; M8 

Viscose — ‘'A" Quality 

1-75 

1 0-94 


Table Ilia 

Sulphur Content of LiUenfeld and Viscose Staple Fibre Rayons 



after Washing with Acid 


Material 

1 % Sulphur 



t Before Acid Wash 

After 

LiUenfeld — Tenasco 

I 0-058 

0-058 

Durafil 

' 0-02 

0-012 

Staple Fibre — ^Vistra 

0074 

0-020 

Fibre 

0-046 

0-026 


whilst with Tenasco no significant change is produced; the presence of 
combined acid is therefore indicated for this, but not for the other materials. 
Further support is given by the fact that the Tenasco yam is the only 
one the sulphur content of which is not reduced by washing with acid and 
water, as shown by the figures recorded in Table Ilia. No reduction would 
be expected if the sulphur were present as combined acid, but otherwise 
(except perhaps if it were present as elementary sulphur) a considerable fall 
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should result. The presence of free sulphur, hoover, is of no importance 
in this connection, because this substance has no effect in raising the methy- 
lene blue absorption; for example, the absorption value for Tudenza viscose 
rayon (Table I) is no higher than that of the Harbens sample, although its 
sulphur content — largely free sulphur — is 35 times greater. 

Reference to Table II shows that the absorption values of the Tenasco 
yam are both high and variable, whilst those of Courtaulds* Durafil are also 
high but perhaps less variable. For cotton fabrics it has been found pre- 
viously that a high and variable absorption coincides with imlevcl dyeing 
properties, and it may be that the reported difficulty of obtaining level 
dyeing on some Lilienfeld yams is also associated with high and variable 
methylene blue absorptions. 

Table IV 

Fluidities of Commercial Rayons 


Sample Origin ^ Fluidity 

Viscoses — 

Cclta From yam manufacturer ... 14*1, 12-4. 

Tudenza .. 8*0. 

Quality ... . .. 9*8. 9-7. 

Dulesco .. IM, 10*5. 10-5, 10-2, 11*0. 

Escorto ,, 9*0. 

„ From winder (pirns) .. 10*0, 10*2, 10*7, 10*0. 

Dulenza From yarn manufacturer .. U‘l. 

Harbens' Grade I „ 9*7. 

„ Lower Grade 9-5, 10*4. 

.. „ .. Weft from 15 samples of 15-4, 10-3, 10*6, 11 ‘3, 14*5, 

grey cotton-rayon cloth 14*7, 12-2, 11*4, 11*4, 10*2, 
9-8. 10-4, 10-2, 10-7, 10-5. 

Morcsia (Scottish) 150 den From yarn manufacturer.. 11*5. 

(bleached) 

„ „ 300 den „ .. 14*2. 

Obourg From yarn manufacturer .. 6-7. 

Snia „ ,, ...| 9*9. 

Liltenfelds— 

Durafil Fiom vam manulacturer .. 4*26, 4*29, 4*01, 3*58, 3*54. 

„ I’irns Irom winder ... 3*78, 3*80. 

Tenasco (unbleached) Vrom yam manufacturer . 2*90. 

„ (bleached) „ ... 6*3. 

Cupf ammonium - 

Bemberg I'rom yarn manufacturer .. 2*86. 

J.G. Bemberg „ „ 3-15. 

Bemberg 1^'rom yam winder (pirns) . 2*64, 2*65, 2*69. 

Brysilka From yam manufacturer . 6*1, 5*8, 5*4, 5*2. 

.. (bleached) ... 7-4. 

„ .. ' 6-9. 

,, Pirns from yam winder B-6, 6*7, 6*4. 

(“W” Quality) . Fiom yarn manufacturer .. 4-1. 

.. ('T ” Quality) . „ „ .. 5*84. 

Staple Fibre — 

Fibre (Courtaulds’) .. From yam manufacturer ,. 9-71, 9*64. 

Vistra „ „ ... 4-23, 4*15. 


Fluidity 

Mean fluidity results are given in Table I, and individual measurements 
are recorded separately in Table IV, which indicates to some extent the 
variability met with in technical yams and in different samples from the 
same delivery. 
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The range for normal viscose rayons is about 9-11-5, although in some 
cases this is exceeded. For example, Celta, some of the Harbens varieties, 
Moresia, etc., have high values, which may be due either to the bleaching 
treatment given by the yam manufacturer or to variations from the normal 
conditions of preparation of the viscose solution — over-ripening of the 
alkali cellulose, etc. The remaining varieties have, generally, lower ranges, 
3-4 for Lilienfelds, 2-5-3-5 for cuprammonium rayon made from cotton 
linters, and about 4-6 for that made from wood pulp, but the Obourg nitro- 
cellulose sample has the high value of 16-7, which accords with the high 
values for the other properties of this material. 

Of the staple-fibre products, Courtaulds* Fibre has a fluidity corresponding 
with that of a normal, good quality viscose rayon, whilst Vistra (I.G. Farben- 
industrie A.-G.) compares with Lilienfeld or cuprammonium yams. Accord- 
ing to Reinthaler, Vistra is spun from unripened viscose, and the alkali 
cellulose used in its preparation is also allowed to ripen only a little; these 
factors, which both make for decreased chemical modification of the cellulose 
imits, are sufiicient to account for this low value. The differences between 
the value’s for viscose rayons and those of the Lilienfeld and cuprammonium 
varieties must be ascribed to differences in the properties of the starting 
materials, to differences in the extent of chemical attack of the cellulose in 
the manufacturing processes, or to both. 

From the values of the chemical properties of samples of wood pulp ^d 
cotton linters, recorded at the end of Table I, it is evident that, if the same 
process were used for both, rayon prepared from the former would be 
chemically inferior to that from the latter. Also, yam manufactured from 
wood pulp which has a higher a-cellulose content (i.e. from material which 
is superior from the point of view of its chemical properties) is known to be 
chemically sup)erior to that made by the same process from pulp with a lower 
a-cellulose content. 

The effect of bleaching in raising the fluidity value is shown by a few of 
the examples in Tables I and IV, but results of a detailed investigation 
of the effects of acid and oxidising attack on this property of rayons will 
be communicated later. 

The Acetic Acid Content of Acetate Rayons 

The amount of acetic acid obtained by the complete hydrolysis of acetate 
rayons that have not been submitted to ether extraction in order to remove 
surface oil or soap is about 53-54%, calculated on the dry weight of the 
original acetate yam. Since the glucose residues from which cellulose is 
built up each contain three hydroxyl groups capable of acetylation, the 
percentages of acetic acid that would be obtained from the theoretical mono-, 
di-, and tri-acetates are respectively 29-4, 48-7, and 62*5%, from which it 
follows that the purified (i.e. solvent-ex^acted) acetate rayon yams contain 
approximately 2-4 acetyl groups per CeHjoOj unit. 

A few values for the acetic acid content of some commercial esterified 
cottons arc also given in Table la, and here the amount of acetic acid in 
combination with the cellulose is less than corresponds with one acetyl 
group per CgHioOg unit. 

The determination of the acetic acid content of acetate rayons by the 
Ost^* method is to some extent unsatisfactory, because the procedure 
involves steam distillation of the hydrolysed product, and the titration of 
a large volume (roughly 2 litres) of distillate which contains a relatively 
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small amoont of acetic acid. Further, in an experiment in which distillation 
was continued for six hours, traces of acid were still being carried over in the 
condensate. Although the error involved in judging the exact end-point is 
of minor importance in determining the approximate acetic acid content 
of an unhydiolysed acetate rayon, it is of considerable moment whra a com- 
parison is being made between the relative degrees of hydrolysis of two 
partially hydrolysed materials which have been treated in very nearly the 
same maimer, because here the difference found may depend on very small 
titration differences, and a variation of a fraction of a cubic-centimetre in 
estimating the end-point of each distillation may then make a considerable 
difference in the degrees of hydrol3rsis found. 

Barnett's method,* on the other hand, does not depend on steam dis- 
tillation (see p. T138), and gives good results for yams that are completely 
soluble in acetone, but since partially hydrolysed material is incompletely 
soluble, this method cannot be used for determination of the degree of 
hydrolysis. 

An investigation of other methods for the accurate determination of 
relatively small differences of acetic acid content is being made in* order to 
overcome these difficulties. 

II — ^The Non-cellulosic Impurities 

Ashii Content and Ash Alkalinity 

The comprehensive table of ash contents given by Kami (Table V) shows 
that the values for all types of rayon vary from 0-05 to 2*07%, with an average 
of about 0*25 per cent. Kami states that higher values are given by dyed 
material, and that the actual magnitude of the ash content varies according 
to the country of origin of the rayon; for German yams it is about 0*15%, 
and for French about 0*40%, and he ascribes this variation to differences in 
the cellulose used and in the methods of coagulation, washing, and after- 
treatment. 

Reference to Table I shows that values of the same order are obtained by 
the present workers. The mean for all the samples examined is o-2i, but 
since only a few foreign rayons have been used it is not possible to differ- 
entiate varieties according to coimtry of origin. In general, it may be said 
that the ash content of modem rayons is so low as to make its determination 
of little value. The Bembeig yams (cuprammonium, prepared from cotton 
linters) have the lowest content, less than o*r%, acetate yams are next in 
order, 0*09-0‘i6%, and the remainder have values up to about 0*35%. 
Abnormally high figures, about 0-4%, are given for the undesulphurised 
Tudenza, Vistra staple-fibre, and the Obourg nitrocellulose rayon. These 
values vary in much the same way as those for bleached cottons, which are 
entirely dependent on the conditions of bleaching and washing of the material. 
Thus, weU-scoured fabric or yam washed with acid in the laboratory has 
a negligible ash content of 0*05% or less— comparable with that of the German 
Bemberg yams — ^whereas technically bleached and washed material may 
have values of over 0*3% according to the extent of scouring, the efficiency 
of the acid wash, and the alkalinity of the final wash water. No values for 
rayons approaching those for raw cottons (i-2-i'3%),i* or the high values 
for Givet and Lyoimaise viscose rayon given by Kami (Table V), have been 
found by the present authors. 

As previoudy fotmd for bleached cottons, ash alkalinity runs parallel to 
ash content, but if these quantities are plotted against one another it is found 
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Table V 

Propertiee of Rayons 

(Y. Kami, J. CeUtdose Inst., Tokyo, 1929, 5, 234-236). 


Type of Rayon 

Ash% 

Japanese I Viscose 

0-12 

Japanese II „ 

0*18 

Japanese III 

0*24 

Japanese IV „ 

Courtaulds’ Viscose 

0-15 

0-24 

Western Viscose 

046 

Glanzstoff Viscose 

0*28 

,, ,, ••• ... 

T)-57 

Borvisk Viscose 

0-21 

Glanzfaden Viscose 

045 

Viscosa Viscose 

045 

Spinfaser Viscose 

0*05 

Spinnstoff-Glauchau 

040 

Spinnstoff-Zchlendorf 

008 

Fr. Kutliicr 

041 

Glanzstofi 

0-20 

,, ... ... ... 

0-33 

Enka Viscose 

0-25 

Breda Viscose 

0-25 

Chatillon Viscose 

0*27 

If • • • • • • 

0-20 

Snia Viscose 

0-33 

,, 

0*39 

Vareda Viscose ... 

La Sole Artificiellc Borvisk 

0-59 

Viscase 

0*59 

II II 

048 

1 tali ana della Viscosa 

0*25 

National dc la Viscose 

0-21 

Besan^on Viscose 

0*35 

IJ I# • * ♦ • • • 

0*80 

Givet Viscose 

0*32 

fp • « • • • • • • « 

izieux Viscose ... 

1*84 

0*33 

I* ran9aise de la Viscose 

0*40 

St. Etienne Viscose 

0*31 

Lyonnaise Viscose 

0*37 

f it 

2*07 

Mulhouse Viscose 

0*57 

Valenciennes Viscose 

0*19 

Strasbourg Viscose 

0*23 

Viscose buisse Emmcnbrucke ... 

0*23 

Rorschach Viscose 

0*20 

Anversoise Viscose 

0*50 

Obourg Viscose 

0-23 

,, ,, 

0-31 

Tubize Viscose 

0*27 

Japanese IV Cuprammonium ... 

0*19 

0*79 

Bemberg Cuprammonium 

0*21 

»» II 

0*21 

•1 II 

0*13 

Fr. Kutlner Cuprammonium ... 

II II • • • 

0*25 

0*20 

Japanese IV Acetate 

0*17 

0*07 

Corona Wood Pulp 

0*03 

V. S. Wood Pulp 

0*31 

Kippawa Wood Pulp 

0*30 


Fat % 

Water 

Solubility 

% 

Sulphur 

Content 

1 '% 

0*42 

1*80 

0*02 

0*50 1 

2*22 

0*03 

0*58 1 

2*36 

0*03 

0*23 ! 

1*21 

1 0*03 

0*59 j 

1*89 

— 


0-67 

0-47 

0*28 

0*62 

0-33 

0-84 

0-36 

017 

0*76 

0-31 

0*20 

0-51 

0*70 

0*18 

0-61 

0-61 

0*30 

0-29 

012 

0-72 


0-57 

0-62 

0*49 

0-59 

0*65 

0'84 

0-44 

0-18 

0-88 

0-25 

0-22 

0-24 

0'15 

0*73 I 1-50 

0'59 

017 

0*43 

0*48 

048 

046 

0-25 I 1*54 

0-18 
048 
0-64 
0-32 
045 
0*17 

0-30 1-96 

041 0-97 

0*38 1-52 

0*35 
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that points for all the samples examined lie on one or other of two curves 
(Fig. i), so that the materials are divided into two broad classes. This 
behaviour is reflected by the values of ash alkalinity per gram of ash, which 
show that the Courtaulds' viscose rayons, Durafil, and Nuera Lilienfelds, 
and Vistra have low values of 10-14, while the remainder have values near 
to 20 or over. This may be explained by the fact that the ash of the materials 
of high ash alkalinity per gram of ash contains a larger proportion of sub- 
stances, such as oxides, carbonates, etc., which are capable of neutralising 
dilute mineral acid, whereas the remainder are richer in such materials as 
silica or neutral salts like sodium sulphate. 

RELAllON between ASH ALKALINITY and ASH CONTENT 



Under this heading is included all material removed from the rayons 
under the conditions employed, irrespective of its composition, and no 
attempt has been made to analyse it into its components. Such material 
may be derived from the external dressings applied to the yams after their 
manufacture, from oil incorporated in the filaments for delustring purposes 
(e.g. Dulesco and Dulenza yarns), from fat and wax residues from the wood 
pulp or cotton originally used, or from any other soluble or mechanically 
removable impurities. When mineral or other oil has been mixed with the 
viscose solution before spinning, it is impossible to remove it to any great 
extent by one extraction process such as that given in the present instance, 
but since the yams were always treated with dilute mineral acid before 
extraction, all soap (part of which would otherwise have remained on the 
material) was removed. The solvents used were ether and chloroform, 
except for the acetate rayons, when only ether was employed, and the results 
obtained are collected in Table VI, while mean results for the ether extrac- 
tions only are also given in Table I, facing p. tii8. In general, the values 
obtained by extraction with chloroform are lower than those with ether. 
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exceptions to this being those for the Bemberg and Brysilka cuprammonium 
yams. Table V, p. T131, shows the values obtained by Kami, but since no 
definite particulars of his treatment of the yams is available, no strict com- 
parison can be made between the sets of results here given. According to 
Kami, the ‘Tat content** range is about o-2-o-9% for all varieties, and the 
values vary according to the country of origin of the rayon; German and 
Italian yams have low, and French and Swiss high values. The range now 
recorded for normal material that has not been dressed after manufacture 
is about o-i~o*8%, and therefore agrees with that given by Kami, but the 
values for the Bemberg cuprammonium and the acetate yams are consider- 
ably higher on account of oil, soap, etc., applied externally. As already 
mentioned above, the undesulphurised Tudenza viscose rayon also has a high 
value owing to the ease with which sulphur is removed from it mechanically 
during the extraction with solvent. 

The lowest values obtained correspond with the fat and wax content 
of well-scoured cotton yams, namely, o*i'-0‘2%, and, indeed, figures lower 
than this are hardly to be expected. 

Table VI 

Extractable Material In Commercial Rayons, % 


Vanety 

Ether 


Chloroform 

Vt&coie — 


_ 

— — 

Quality 

0*57, 0*57; mean 

0*57 .... 

0*49 

Escort 0 

0-21, 0*20, „ 

0*21 

0*17 

Dulesco 

0*67, 0*94; „ 

0*80 ...1 

0*63 

Dulenra 

0*54, 0*57; 

0*56 ...1 

0*57 

Tudenza 

1*37, 1*35; „ 

1*36 ...j 

1*28 

Cclta 


0*31 .... 

— 

Harbens ... 

0*11,012; „ 

0*12 ...' 

— 

Obourg I 

0*09 


Snia 


0*15 ...1 

0*12 

Lihenfeld — 


1 

1 


Durafil 

0*50, 0*48. 

0*49 

0*39 

Tenasco (bleached) 

0*24, 0*24; 

0*24 

0*18(unbleached) 

Cuprammom utn — 


1 

1 


Hrysilka ... 

0*25, 0*22; 

0*24 

0*32 

Bemberg 

2*01, 2*06, „ 

2*04 

2*93 

I.G. Bemberg 

2*64, 2*42; „ 

2*53 ...| 

— 

Acetate- 




Seraceta (75 den., 1928) 

2*00, 1*90, 2*02; mean 1*97 


Celanesc (150 den., 1930) 

2-00, 2 (K). 2 00; 

M 200 



Sulphur Content 

The range found for desulphurised viscose and all other types of rayon 
is about 0*005 fo o-i%, with a mean value of 0*032%, while for the unde- 
sulphurised Tudenza viscose rayon the content is 0*35% (see Tables I and 
VII). Desulphurisation therefore appears to reduce the sulphur content 
to, quite roughly, a tenth of its original value for the undesulphurised un- 
bleached material. Kami^® lias shown that the value for viscose rayons 
can never be reduced to zero by the use either of sodium sulphide or of 
ammonia solutions. If the latter are used in air-tight vessels, the content 
may be reduced to about o*i%, which is lower than the minimum value for 
treatment with sodium sulphide, but no viscose rayons have been found 



TI34 8 — The Chemical Analysis of Rayons— Ridge, Parsons, and Comer 

Table VII 

Sulptanr Content of Commercial Rayons 


Variety 

% Sulphur 

1 Mean 

1 

Vtscoses — 1 

Courtaulds* “A** 

0-013, 0-012 

0-013 

,, Dulesco 

0-030, 0-032 

0-031 

Dulenza 

0-031, 0-036 

0*033 

,, Escorto 1 

0*005 

0-005 

,, Tudenza 

Harlans' 

0-375, 0-381 

0-378 

0-010, 0*009 

0-010 

Snia ' 

0-023 

0-023 

Obourg ' 

Celta (hollow) 

0-021 

0-021 

0*024, 0-021 

0-023 

Staple Fibre — 

I.G. Vistra 

0-074 

0-074 

Courtaulds' Fibro , 

0-046, 0-045 

0*046 

Lihenfeld — 

Courtaulds* Duradl 

0-023, 0-019 

0-021 

Nuera Tenasco 

0-055, 0-061 

0-058 

Cuprammonxum — 

Br 3 rsilka (old sample) 

„ “C** quality 

0-027, 0-021 

0-024 

0*006 

0-006 

Bemberg 

Trace 

Trace 

Acetate — 

Courtaulds* Seraceta » 

0-034, 0-035 

0-035 

Celanese 

0-052 

0*052 

1 

Nitrocellulose — 

Obourg 

0-097 

0-097 

Wood pulp — 

Bleached ; 

0-049, 0-050 

0-050 



Table VIII 

Gompositioii of Commercial Rayons 

(Wahl and Rolland, Pev. Gen. Mat Col., 1929, 33, 1 -4). 

Variety 

Copper 

Number 

% Sulphur 1 % Ash 

Tubize (Nitro) 

3-0 

0*24 0-1-0-56% according to 

„ Marron Clair 

2-93 

0-33 nature of rayon &lta 

„ Gns Clair 

3-n 

0-41 (hollow filament). 

Valenciennes Viscose unbleached 

0-85 

0-26 0-30% 

Viscose 

0-96 

0-39 

„ bleached 

0-73 

0*21 

Celta, unbleached 

1-19 

0-32 

** dyed 

0-85 

0-28 

Chardonnet (old sample) 

3-02 

1-08 

Cuprammonium 60 den. 

0*68 

0-42 , 

M 100 den. 

0-51 

0-20 

Wood Pulp — 


1 

Swedish, bleached 

2*5 


half bleached 

2-0 


„ unbleached 

1*2 


Sulphite, bleached 

1-9 


„ unbleached 

0-8 
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from which sulphur is entirely absent. Kami's values (Table V) of about 
0*03% are confirmed by the above, but the range given by Wahl and Holland 
(Table VIII) of o*2-0‘4% is comparable only with that now found for im- 
desulphurised viscose rayon. Obourg nitrocellulose rayon has the fairly 
high value of o*i%, whilst those for Tenasco (Lilienfeld) and Celanese 
(acetate) yams are somewhat higher than the normal figure for viscose rayons. 
Bemberg cuprammoniiun yam made from cotton linters has a negligible 
sulphur content, whereas the 1928 quality Br3^silka has the normal value for 
viscose rayons (0*02) and the 1930, C, quality contains only o-oo6%, which 
is very low for a rayon prepared from wood pulp. 

Copper Content 

The values recorded in Table I are expressed as mgm. of metal per 100 gm. 
of dry material, and when it is seen that for the majority of samples they 
are less than i (i.e. the copper content is less than o*ooi%, or i part in 
100,000) , it is realised how very small this content is. In these circumstances 
the mean results obtained by the three different methods used show as good 
agreement as can be expected, especially in view of the fact that absolute 
uniformity of metal content is hardly realisable ih practice. Some of the 
values obtained in individual experiments varied between wide limits, especi- 
ally with the 1928 quality of Br3^ilka, when, by the gravimetric method, 
results from about i‘5 to 26 mgm. per 100 gm. were obtained in teiji experi- 
ments, with a mean of 9*1, although the mean of six, excluding the extreme 
values, was 7*4, which agrees well with the mean found by the colorimetric 
method. In others, and especially with the acetate samples, the variation 
between individual results was comparatively small. 

It might be expected that the greatest values would be shown for cupr- 
ammonium rayons, but this is not so. It is true that the highest values 
recorded in Table I are for the 1928 Brysilka, but considerable improvements 
have recently been made in the manufacture of this material, as shown by the 
properties of the and “C" qualities; the latter is the standard material 
now supplied, so that this and not the 1928 quality must be regarded as 
representative of this product. 

The highest values, then, are given by the acetate and the Tenasco 
Lilienfeld rayons, for which the range is about i-6 to 9 mgm. per 100 gm., 
while the mean value for normal desulphurised viscose rayons is 0*22, and 
that for the cuprammonium varieties (excluding the 1928 Brysilka) is 0*56. 
Courtaulds’ Fibro staple fibre and Durafil Lilienfeld have values within the 
viscose range, and Vistra staple fibre has the slightly higher mean value of 
0*82. 

The catalytic effect of copper in accelerating chemical reactions increases 
with increasing amoimts of the metal present, but since the amounts found 
in the varieties of rayon examined are so small (except for the 1928 Brysilka, 
and the Seraceta acetate and Tenasco Lilienfeld yams) the danger of 
catalytic action during bleaching due to the presence of this metal may 
be considered negligible. Nevertheless there can be no doubt that efficient 
removal of copper from such yams is highly desirable in order that the 
possibility of this action may be entirely excluded. 

Iron Content 

The iron content of the rayons examined varies within narrower limits 
than the copper content. The range is about i to 4*2 mgm. per 100 gm. 
of dry material, and this value is so small that effects due to the presence 
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of this metal must also be considered of no importance. Viscose yams have 
the smallest content, about 07-2, while all the other varieties have values 
between 2*3 and 4-2, and the highest content is again shown by the 1928 
Brysilka. 

EXPERIMENTAL SECTION 

Materials — The yams employed are adequately described in the Intro- 
duction and Tables. 

Sampling — A quantity in excess of that required for the experiments was 
taken from one or more hanks of the rayon, cut into i-inch lengths, thoroughly 
mixed by hand, and sampled by the quartering method; sufficient material 
for both moisture determination and analysis was taken from it. 

Moisture Content — Unless otherwise stated, in order to obtain the dry 
weight of material to be used in calculating the results, 0*5 gm. samples 
were weighed out at the same time as the amounts taken for analysis, and 
dried for three hours at 105-110® C. in an electric oven. 

Methods of Measurement 

Several of the analytical methods used have been described in previous 
publications from the Shirley Institute, to which brief references are given. 
In other determinations more or less well-known methods of analysis have 
been modified to suit requirements, and the experimental procedure is given 
in detail. 

(1) Copper Number — The Schwalbe-Braidy method as examined by 
Clibbens and Geake’ was used. 

(2) Methylene Blue Absorption — ^This was determined on 2*5 gm. samples 
of air-dry rayon by the titrimetric method previously described,® except 
that a solution buffered to pn 7, as recommended by Clibbens and Geake,® 
was used. 

(3) Loss of Weight on Boiling with Alkali,^ 

(4) Fluidity in Cuprammonium Hydroxide Solution — ^The method and 
apparatus described by Clibbens and Geake® were used, except that the 
concentration of cellulose in the solutions was 2% instead of 0-5%. 

(5) Acetic Acid Content of Acetate Rayons — Both the Ost^* and the Barnett* 
methods were employed. 

(6) Ash Content and Ash Alkalinity,^ 

(7) Material Extractable by Solvents— The. material was washed with acid 
and then with water, dried, and extracted, with ether in one series of experi- 
ments, and with chloroform in another, and the dry residues from the 
extracts were weighed. 

(8) Sulphur Content — Samples of the rayon were ashed with concentrated 
hydrochloric and nitric acids, and the sulphate in the residue was precipitated 
and weighed as barium sulphate. 

(9) Copper Content — ^Three methods of analysis were used for this measure- 
ment — {a) Direct precipitation of the metal as thiocyanate from a solution 
of the ash, and weighing as such**; (b) an indirect method, using as a measure 
of the copper content the catalytic effect of copper in accelerating the 
reduction of ferric salts by sodium thiosulphate solution^*'®; and (c) the 
colorimetric method with dietliyldithiocarbamatc described by Callmi and 
Henderson.® 

(10) Iron Content — A modification of the method of Knop^’ was used, 
in which the metal, present in the ferrous state, was titrated with potaKssium 
dichromate solution, diphenylamine being used as indicator. 
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Experimental Procedures 
Measurement of Fluidity, 

The importance of the fluidity measurement as applied to cotton and 
chemically modified cotton is now quite generally recognised, so that the 
extension of this test to rayons of the regenerated cellulose type follows as 
a natural consequence. In this extension it is very desirable that the 
apparatus and experimental conditions employed for cotton materials as 
described by Clibbens and Geake* should be retained as far as possible, but 
whereas the fluidity of a 0*5% solution in cuprammonium of a well-scoured 
cotton under these conditions is about 1-3, and the time of outflow from the 
viscometer is about 15-20 minutes, that of a similar solution of a normal 
viscose rayon is 35-40, and the corresponding time of outflow is about one 
minute. The latter is much too short to be satisfactory when it is remembered 
that any slight overbleaching or acid attack of the rayon decreases the time 
of outflow still further, hence an alteration in the cxj)erimental conditions 
for rayon is necessary. As the alternative to modification of the standard 
viscometer, a change in the cellulose concentration of the solution is to be 
preferred, and the adoption of 2% for rayons instead of 0*5%, all other 
conditions remaining the same, has been found to give reasonably low values 
for the normal unmodified materials, and to allow of a convenient range of 
higher values for those that have suffered chemical attack. Thus, Table I 
shows that imder these conditions the fluidity of normal viscose rayons is 
about 9-11*5 — values that may be compared quite 
arbitrarily with the value 10 for cotton in 0*5% 
solution, which is tentatively accepted as the upper 
limit for technically bleached material — and figures 
in excess of this are indicative of overbleaching or 
attack by acids. 

For the remaining varieties, other than nitrocellu- 
lose or acetate rayons, lower initial values are obtained; 
those for the nitrocellulose material are high but of 
minor importance, since this is seldom met with in 
British textile fabrics, and no values for acetate rayon 
are recorded because comparison between such values 
and those for all-cellulose materials is impossible owing 
to the difference in chemical composition of these types. 

Results of a detailed investigation of the relation 
between fluidity and the tensile strength of rayon 
yams will be published later. 

Transfer of the rayon to the standard viscometer is 
facilitated by weighing the finely cut up material in 
a short piece of glass tubing open at both ends, instead 
of on a watch glass, inserting small corks in the ends 
to prevent loss while the remaining samples are being 
weighed, and then withdrawing the corks, placing the 
tube a short distance inside the upright viscometer, 
which is partly filled with cuprammonium solution, 
and pushing out the contQnts with a plunger formed 
from a piece of glass rod round the end of which 
a piece of rubber tubing is fixed so as to give a tight 
fit between it and the walls of the tube (see Fig. 2). 



Fig. 2 
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In this way loss is avoided and the transfer is quickly and neatly accom- 
plished. Further, if the same tube is always used with the same viscometer, 
its weight and that of the cellulose necessary to give a 2% solution in the 
particular viscometer can be recorded, and time is saved when a series of 
routine measurements is to be made. 

Acetic Acid Content, 

Osfs Method ^-^ — Samples of air-dry material weighing 0*5 gm., of known 
moisture content, cut up and separated as far as possible into individual 
filaments by brushing between two pieces of card-clothing, were treated in 
small tubes or stoppered flasks with 5 c.c. of 50% (volume) sulphuric acid 
for 20-24 hours at room temperature. The resulting liquid was diluted to 
100 c.c. with water, transferred to the flask of a steam distillation apparatus, 
and subjected to distillation until, after 2-2 J hours, the last 50 c.c. of distillate 
required only one drop of o- 2 N sodium hydroxide solution to develop the 
colour of the phenolphthalein indicator. The acetic acid content of the 
sample was calculated from the alkali titre, and expressed as grams of acid 
per 100 gm. of dry acetate rayon. 

BarneWs Method^ — One-gram samples of the finely divided, air-dry, 
material were dissolved in pure, redistilled acetone, 10 c.c. of iN sodium 
hydroxide solution were added, the mixture was shaken continuously for 
some minutes to prevent gel formation, phenolphthalein indicator was added, 
and the whole allowed to stand at room temperature for 24 hours. After 
this time 10*5 c.c. of iN sulphuric acid were added, the mixture was shaken 
durmg half an hour, and the excess of sulphuric acid was titrated with o*iN 
sodium hydroxide solution. Blank experiments on the reagents in the 
absence of acetate rayon gave a mean value of 0*12 c.c. of the sodium hy- 
droxide solution to be deducted from the above titre, and the percentage of 
acetic acid present was then found in the usual way. 

Sulphur Content, 

A micro-method for the determination of combined sulphuric acid in 
cotton has been elaborated by Clibbens and Geake,^^ but the method of 
ashing adopted by them — ignition of the cellulose material, previously 
wetted with a dilute solution of sodium carbonate, in a porcelain or silica 
crucible, is unsuitable for use with rayons when greater amounts of material 
are taken, first, because sulphur is sometimes present largely in the elementary 
condition or as compounds other than sulphate, and, secondly, because the 
use of sodium carbonate solution in amount sufficient to wet the material 
results in attack of the silica vessel during ashing, and in the formation during 
the subsequent operations of a silica gel which apparently retains sulphur 
somewhat tenaciously since lower values were always obtained when silica 
or porcelain vessels were used than when the ashing was performed similarly 
in a platinum dish. 

The following procedure was therefore adopted and found to give repro- 
ducible results (see Table VII). 

About 10 gms. of sampled material, in pellet form, were introduced into 
a 250 c.c. Kjeldahl flask, and 20 c.c. of pure concentrated hydrochloric acid 
were added from a measuring cylinder. When all the pellets were wetted, 
60 c.c. of concentrated nitric acid were poured in, the flask was gently shaken 
and cautiously heated nver the flame of a micro-burner until a homogeneous 
liquid was obtained. Shaking was continued at intervals during lljis time 
(about half an hour), and tlie liquid was then evaporated to small bulk, care 
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being taken to avoid charring. At this stage it was generally observed that 
a certain amount of muci^e and scum was present in the flask; this resisted 
further attack by the acids under the somewhat mild conditions of heating 
employed. The scum was specially noticeable with Dulesco and other 
yams in which mineral or other oil was present either as a partial delustring 
agent or as a dressing, and it appeared to be connected with the presence of 
this oil. Substances such as vaseline and some oils give a somewhat similar 
scum on treatment with acids under these conditions. The mucilage, on the 
other hand, resulted from the degradation of the cellulose itself. In order to 
remove this material before precipitation of the sulphate, the contents of 
the flask, diluted with 20 c.c. of water, were washed into a centrifuge tube 
and centrifuged at a high speed for 10-15 minutes. The clear supernatant 
liquid was transferred to a beaker, the residue washed with boiling water and 
again centrifuged two or three times, and the washings were added to the 
contents of the beaker, whilst the residue was rejected. Sulphur was never 
detected in an elementary analysis of this residue. 

The contents of the beaker, amounting to not more than 80 c.c. were 
heated to boiling, 5 c.c. of o^2N hydrochloric acid and 10 c.c. of a filtered 
and boiling o*iN solution of barium chloride were added, and the mixture 
was left to digest for two hours on the top of a steam oven. Finally, the 
precipitated sulphate was collected on a fine filter paper, washed, diied, and 
ignited in the usual way. Since ignition of the filter paper in contact with 
the precipitate causes reduction of some of the sulphate to sulphide, the 
residue was treated with 2-3 drops of concentrated sulphuric acid and re- 
heated before cooling and weighing. The results obtained, expressed as 
grams of sulphur per 100 gm. of dry material, are given in Tables I and VII. 

The Effect of Mercerisation on the Chemical Properties of Cotton 

The processes concerned in the manufacture of rayons generally involve 
swelling of the cellulose to a greater or less degree, and it might be thought 
that this swelling, as distinct from chemical action, would be partly respon- 
sible for the higher values of such properties as fluidity, copper number, 
methylene blue absorption, and loss of weight on boiling with ^kali of these 
materials as compared with those of normal, purified cotton. This, however, 
is very imlikely since, as already stated on p. T120, increasing the degree of 
dispersion of the cellulose by mercerising cotton with sodium hydroxide 
solutions, produces no significant increase in these properties, and there is no 
reason why the greater dispersion which obtains, for example, with viscose 
rayon should have such an effect. Evidence, in support of that already 
published, of the fact that mercerisation causes no increase in the above 
properties of cotton is given by the results of the following investigation. 

Hanks of the cotton yams specified in Table IX were given the same 
scour with 1% sodium hydroxide solution at 40 lb. excess pressure for six 
hours, washed with water, and centrifuged. Each hank was then cut in 
two, one set of halves was mercerised with qJY-sodium hydroxide solution, 
without tension, and washed with hot water, and all portions were soured 
with hydrochloric acid and washed with distilled water until neutral. The 
moisture content of these air-dried samples was determined separately for 
each experiment, and measurement of the particular property was made on 
the cut-up and well mixed material. Fluidity measurements foi the corres- 
ponding mercerised and unmcrcerised cottons were made in the same 
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viscometer in order to avoid slight variations due to the use of different 
instruments. 

Results are given in Table IX, and it is shown that there is no signi- 
ficant increase in the respective values as a result of mercerisation. Slightly 
higher values for loss of weight on boiling with alkali are shown for some of 
the samples, but strict accuracy is hardly to be expected here owing to 
difficulties in manipulation, and to the fact that the loss is determined by 
finding a small difference between two relatively large weights. 

Table IX 

Effect of Mercerisation on the Chemical Properties of Scoured Cottons 


Unmurceriseu 


Mercerised 


Variety 

Fluidity 

Copper 

Number 

Methy- 
lene Blut 
Absorp- 
tion 

1-oss of 
Wt. in 
Alkali 
Boil ru 

Fluidit> 

Copper 

Number 

Methy- 
lene Blue 
Absorp- 
tion 

Loss of 
Wt. in 
Alkali 
Boil % 

Kg>'ptian 

Sakol 

3-68 

0-01 1 

1*17 , 

1-32 

3-70 

0-01 

0-96 , 

, 1-23 

„ Uppers 
Tanguis 

3-38 

0*01 

MO 

1-20 

3-34 

0-01 

0-95 

1-31 

3-47 

0-015 

1-24 

0-84 

3-42 

0-01 

1-09 

1-28 

Arizona 

3*87 

0-01 

1-35 

1-37 

3-67 

0-01 

0-98 

1-30 

Peru Mitafifi 

3*52 

0*01 

1-03 

0-88 

3-21 ' 

0-01 

0-88 1 

1-0 


Many of the measurements recorded above were made by Mr. H. Bowden 
and Mr. H. S. Cliff. 
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9— OBSERVATIONS ON THE SUSCEPTIBILITY OF ANIMAL 
FIBRES TO DAMAGE BY THE LARVAE OF TWO SPECIES 
OF CLOTHES MOTH, TINEOLA BISBLUBLLA HUMMEL AND 
TINEA PBLLIONBLLA L. 

By R. Burgess, M.Sc., F.L.S. and E. J. Poole, A.T.I. 

(Wool Tndustnes Research Association) 

This paper is presented as a contribution to the facts which have accumu- 
lated through the medium of an extensive literature on the subject of clothes 
moths. Tt consists essentially of two series of observations which have 
been made on the behaviour of the larvse of the common clothes moth [Tineola 
hiseUieUa Hummel) and the case-making clothes moth {Tinea peUiondla L.) 
towards various kinds of raw and processed animal fibres. The effect of the 
presence of certain mothproofing substances and insecticides has also been 
noted. 

SERIES A— THE SUSCEPTIBILITY OF WOOL AND OTHER TEXTILE 

MATERIALS TO ATTACK BY THE COMMON CLOTHES m6TH 

UNDER NATURAL CONDITIONS 

These observations arose as the re.sult of an occurrence of attack by the 
common clothes moth (Tineola biselliella Hummel) on a number of specimen 
samples of wool which had been stored in two loose-leaf folders for 12 months 
under ordinary household conditions. Each page of the folders contained 
from two to eleven specimens the thickness of which was sufficient to cause a 
separation of adjacent pages, thus allowing the adult moths or larvae to gain 
access to them. In the subsequent examination of the materials, larval 
activity, where present, was evidenced by the appearance of excreta, cocoon 
silk or actual damage to the fibres. 

The folders also contained a number of .specimen fibres which were of 
vegetable origin. 

A description of the samples taken in order of their position in the folders, 
and the observations obtained are set out in Table 1 . 


Table I 


Page of 
Folder 

No. of 
Sample 

Type of 
Material 

Remarks on 
Sample 

Observations 

I (i) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Long Wool 

Mol^ir 

Short Botany 

Alpaca 

Silk ... !!! !!! 

Camel Hair 

Cashmere 

Tussah Silk 

! Fleece 

White 

Fleece 

Black 

White 

Brown 

Spun Thread 

Grey 

Slightly damaged 
Badly damaged 
Slightly damaged 
Badly damaged 

SB 

Slightly damaged 

Not attacked 

Badly damage 

Very badly imaged 
Not attacked 

(2) 

11 

Flax 

Scutched fibre 

Not attacked 


12 

Hemp 

Retted 

$9 


13 

Ramie 

Sliver 

9 » 19 


14 

Paper 

Yam 

f» 99 


15 

Egyptian Cotton ... 

Raw ... 

99 99 


16 

Manne Fibre 

... ... ... 

99 99 


17 

Capok 



99 99 


£-TRANSACTIONS 
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Table I — continued 


Pegeof 

Fwer 

No. of 
Sample 

Type of 
Material 

Remarks on 
Sample 

Observations 

(3) 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Shropshire Noil 

Shoddy 

Spinning Waste 
Botany Noil 

Mungo 

Shoddy Noil 

Mohair Noil 

Extract 

Blended Mungo 

Dyed 

Not attacked 

*t »* 

Slightly damaged 

Not attacked 

Slightly damaged 
Badly damag^ 

Not attacked 

(4) 

27 

Scotch Black Face ... 

IIn.scoured 

Slightly damaged 

28 

Lincoln Hog 


. . 


29 

Lincoln Wether 

- 


*9 99 

(5) 

30 

Wensleydale Hog ... 


Bndly damaged 

31 





32 




,, ,, 


33 

Romney Wether 

■ 


Slightly damaged 

(«) 


Wether Wool 

Unscoured ... 

Slightly damaged 

Badly damaged 



Hog Wool 

,, 

... 



Down Teg 





Down Wether 

- 


Slightly damaged 

(7) 

38 

Shetland 

Brown, unsconred ... 

Slightly damaged 


39 


White, „ 

,, ,, 


40 



Grey, 

99 • • • 

Badly damaged 

(8) 


46*s Britch F.C .♦ ... 

FleeceWool, unscoured 

Slightly damaged 



50's Back F.C,^ ... 





40’8/44*s Back M.C.f 

,, 


Badiy damaged 



50’sBackFC.* ... 

- 

i* 99 

(9) 

45 

46*8 Shoulder, Irish 

Wool 

Unscoured 

Slightly damaged 


46 

Jf re 



Badly damaged 


47 

40/44’s Britch „ 


... ... 

Very slightly damaged 


48 

50's Back „ 




(10)“ 

49 

44 ’s Irish Wool 

Unscoured 

Slightly damaged 


50 

46*s ,, ,, 

f9 


Not attacked 


51 

48^s 

,, 

... 

Slightly damaged 

»» »» 


52 

50's 




(U) 

53 

Fine Merino 

(unscoured) 

Port Phillip 

Badly damaged 


54 

West Australian 

Slightly damaged 


55 


Melbourne 

Badly damag^ 


56 


Brisbane 

Fairly badly attacked 


57 

»* ji »» 

Sydney 


58 

*. .. t. 

Tasmanian 

99 99 99 

(12) 

59 

Fine Merino 

(unscoured) 

60's' 


Badly damaged, but 
paiticularly at the 
tips 

99 99 99 


60 


64's 

Verv’- 


61 


64's 

heavy in ... 

99 9 9 99 


62 

>» •» »» 

64's 

> natural 

99 99 99 


63 

>» »» tf 

64's 

grease 



64 

65 

66 

»» f i t 

64’s 

64's 

64's 

99 99 99 

99 99 99 

99 99 IS 


67 


64'8 J 


99 99 9f 


*F.C . ** Fine C rossbred . 


tM.C.=Medium Crossbred. 
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Table I — continued 


PSLgtOl 

Folder 

No. of 
Sample 

Type of 
Material 

Remarks on 
Sample 

Observations 

(13) 

68 

Cape Mohair 

3*8 Quality 

Fairly badly damaged, 
chiefly at the tips 


69 

70 

•* 

2*8 

3*s .. 

,1 ' .1 


71 



2's 

II 


72 

If ■ • • • • • 

6*8 „ 

I. If 


73 



6*8 


(M) 

74 

Turkey Mohair 

2*8 Quality ... 

Fairly badly damaged 


75 

If II 

3*8 

99 99 99 


76 

If If 

4*s 

Slightly damaged 


77 

II i> 

5*s 

Badly damaged 


78 

I. 

6*8 „ 

(IS) 

79 

80 

Low Alpaca ... 

Black 

Badly damaged 


81 


»»• ••• 

Black 

99 99 


82 

ft fi 

White 

Very badly damaged 


83 

>1 II 

Grey 

Badly damaged 


84 


Slightly damaged 

fl6) 

85 

Cotton 

Nine samples. 
Eg)rptian and Sea 
Island 

No evidence of attack 

(17) 

86 

Shodd> 

Pulled 

No evidence of attack 

87 

Carded Web 

l» 99 99 


88 

If 

Stubbing 



89 

Mungo Senes 1 

Spun Yarn ... 

99 99 99 

1 

1 90 

Blend 

99 99 99 


91 

Carded Web 



92 

If If 

Slabbing 



93 

Mungo Series T I 

” * 1 

Raw Blend ... 



94 

Carded Web 

99 99 99 

m 1 

95 

Jute I 

Eight samples, in- 
cluding retted, 
scutched, yarn and 
Hessian 

So evidence of attack 

(19) 

96 

Hemp 1 

1 

i^ight samples 
selected from 
various stages of 

No cAddence of attack 

1 


1 

manufacture 


1 

U (1) 

97 1 

1 

40*s prepared Englisli 

Top ... 

Not attacked 



50*8 Down 

\"ery slightly damaged 



56*8 Crossbred 



100 

64*s Botany ... ...j 



99 99 99 

(2) 

101 

32*s Crossbred ...i 

Top 

V ery slightly damaged 


102 

36*s 

1 

(3) 

103 

32*8 C rossbred 

Top ... 

V ery slightly damaged 


104 

36*s 

••• •••! 

If ff If 


105 

40*8 

ff ! 

If 


106 

46*s „ 

1 

" 1 



W 

107 

32*8 Crossbred 

Top 1 

V ery slightly damaged 


108 

46*8 

1 

Not attack^ 


I 


I 
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Table 1— continued 


Pageai 

Folder 

1 NTo. of 
I Sample 

/ Typ® of 

1 Material 

/ 

I Remarks on 

I Sample 

Observatioiu^ 

(5) 

109 

'/ 

28's Crossbred 

Top 

Not attacked 

110 

44*s 



(6) 

111 

58 ’s Comeback Wool 

Top 

Very slightly damaged 

112 

60's 

» 

99 99 99 

(7) 

113 

64 ’s Botanv 

Top 

Very .sli ghtly damaged 

114 

80's M * 

Not damag^ 


115 

70's 



ts ft 

(8) 

lie 

64*8 Cape 

Top 

Not attacked 

117 

70’s 

V ery slightly damaged 


118 

64 ’s Australian 



(9) 

119 

Mohair 3's Qu.Turkev 

To| 

Not attacked 

120 

.. 4’s ,, 



121 

,, 3’s Qu. Cape 

,, ... ... ... 

Very slightly attacked 


122 

1 . 4’s ,, 







(10) 

123 

Mohair 5’s Qu. Turkey 

Top 

Not attacked 


124 

M 6’h ,, ,, 

II >f 


125 

„ 5*s Qu. ('ape 

,, 

*1 >1 


126 

i 

6’s „ 



.1 

(M) 

127 1 

Alpaca 3’s Oualitv ... 

Top and (uev 

Not attacked 

128 

M 4’s ^ „ * ... 

I'op Brow Ti 

Badly attacked 


129 

6’s 

,, ,, ... ... 

(12) 

130 

1 

('rossbred Wool 

1 

Nine .samples selected 
from stages m the 
drawing and spin- 
ning processes 

1'wo samples slightly 
attacked 

(13) 

131 1 

Botany M'ool 

Kleven samples se- 
UHTted irom .stages 
in the drawing and 
spinning piocesses 

I'liree samples slightly 
attackeil 

(14) 

132 

Mohair 

Nine samples selected 
from stages in the 
drawing and spin- 
ning processes 

Three samples slightly 
damaged 

(15) 

133 

Mohair 

Seven samples of 
yam (2/12’s to 
2/40’s) undved 

Not attacked 


It will be seen that evidence of moth activity was present on one or more 
of the samples comprising 26 of the total of 34 sets. Of the r emainin g eight 
sets, four consisted of v^table fibres which according to Clark* would not be 
expected to be attacked by the larva?, while the rest comprised animal fibres 
in processed and partly processed forms, including remanufactored mafpriak 
According to Clark the adult moth is unable to select for the purpose of 
egg deposition, the most suitable food for the larvae. Hence pri mar y infection 
by the adult moth would have been a matter of chance. In any case it was 
impossible to ascertain the amount of infection due to the original source 
and that due to the subsequent migration of the feeding larvae or to later 
generations of adult moths. In addition, no information was available as 
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to the time the materials had been infected, so that any conclusion which 
might be drawn from the examination must be regarded with reserve. 

The most interesting features observed were the following — 

(1) None of the samples of vegetable origin or the silks were attacked. 

(2) Of the fleece wool fibres containing natural grease, most of the merino 
and the hair samples were badly attacked, while the crossbred samples, 
in general, were damaged only to a moderate degree. 

(3) Of the prepared, that is, partly manufactured, wools and hairs, the 
general tendency was for them to have sustained only a slight degree 
of damage. 

(4) The samples of manufactured wool containing 15% or more of added 
oil were not affected at all. 

(5) The samples of raw merino wool and mohair affixed respectively to 
pages 12 and 13 were particularly interesting in that they suffered 
attack principally at the tips. These samples were very heavy in 
natural grease. 

The general conclusion which, with reservation,* might be drawn was that 
while the naturally greasy wool showed the greatest amount of damage, 
processed wools containing greasy matter of vegetable origin were only 
slightly affected. Where vegetable oils or oleins were present in quantity, 
as in the woollens, evidence of larval activity was absent. 

SERIES B— THE ACTION OF THE CASE-MAKING CLOTHES MOTH 
UNDER CONTROLLED CONDITIONS 

This series comprised live sets of experiments, viz. — 

(1) The effect on the behaviour of larvae in the presence of three optional 
sources of animal fibres selected indiscriminately. 

(2) The behaviour of larvae towards alternative sources of food differing 
in specific characteristics. 

(3) The effect of the presence of fatty acids and mineral oils. 

(4) The effect of treatment with the proprietary mothproofing agents 
"Larvex” and “Eulan." 

(5) Experiments with volatile insecticides. 

In all cases the materials have been exposed to the action of the larva 
of the case-making clothes moth. Tinea pellionella, this species being chosen 
for convenience of handling. In preparing the larva used for inoculation, 
care was taken to select only those which were more than half to almost fully 
grown and showed actual movement. Incubation was carried out in a dark 
room at 23° C. and about 70-80% relative humidity. 

<1) The Effect on the Behaviour of Larvae of the Presence of Three Optional 
Sources of Animal Fibres Selected Indiscriminately 

Thirty-six samples of raw and processed wool, each weighing about i g. 
were divided at random into groups of three. Each group was then placed 
in a cubical tin of 3 in. side together with six active larvae and a small portion 
of infected alpaca. After six weeks, ii additional living larvae were placed in 
each tin. At this point also, 22 other samples were incubated imder similar 
conditions in seven tins, the last tin receiving four samples. All the samples 
were examined for evidence of damage after a further period of 24 weeks. 
The grouping of the varieties and the observations made are described in 
Table II. 
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TaMe II 


No of 
Tin 

No ol 
i Sample 

Tvi)e of 
Mdtenal 

Remarks on 
Sample 

Extent of Damage and 
other Observatons 

61 

1 

Lima Fleec c 

\ 

1 

Appreciable 


2 

1 40's Prepared English 
Top 


\ ery slight 


, ^ 

50 6 New Zealand 
j Mcecc 

Very hca\ > in grease 

1 

Appreciable 

62 

4 

French Scorned Skin 
Menno 


Fairlv bad 


5 

64 s C ape lop 

• 

Shght 


6 

so s Ne^ Zi aland 

I Icece 

\ ei\ light in gttase 

Very bad, onlv a small 
portion left 

63 

7 

Iceland 1 lecti 

Washed (White 
Southern Class 1) 

Very slight 


8 

1 Penman C*oat Hair 


Appreciable 


9 

1 ow Pnion ( loth 

No 1 

Claimed b\ makers j 
to be mothproof 

Veiy slight 

64 

10 

\ellow Lgxptian 

1 lecce 1 

Bad 


r j — 

Botan\ Noil 

1 Vci\ slight 


12 

Fxiu Union ( loth 
' No 2 

Claimed bv makers 
to be mildew proof 

No definite evidenci. 
of attack 

65 

^ 13 

S})anish Crossbicd 

1 leece 


\tr\ bad 


14 

Roranev Hog 1 leece 


Fairlv bad 



]a)u Union C loth 
\o 1 

As sample No 9 

None 

66 

j 

16 

Spanish Wool 1 U ece 

( ontaming 10/l2®o 
lambs wool 

Pairh bad 


1 17 

! 

( ape Mohair No 6 


Ver> bad Almost 

completely 
disappearc*d 

1 

1 1« 

50 sC aided lo]» 

In oil 

Slight 

67 

19 

Fast Indian White 
Kandahai i kcct | 

\ ery bad t ompleteh 
disappeared 

1 

20 

Mungo 

No dehmte evidence 
of attack 


21 1 

1 

46 s lN*cpared J op 

in oil 

blight 

68 

) 

22 1 

Chile Wool 1 leece 


Fairly bad 


23 

BroA^n \lpaca 

... 

Ver> bad Onl} a small 
portion remains 


24 

60 s Worsted C loth 

Scoured 

Bad Aiany l^le^ and 
thin places 
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Table Vr-^-^Bontinued 

No. of 
Tin 

No. of 
Sample 

I 

Type of ' Remarks on 

Material 1 Sample 

1 

Extent of Damaro and 
other Observations 

69 

25 

Low Canadian Cross- i Sample was .seedy . . . 
bred Fleece 1 

Very bad. Completely 
disappeared 

26 

40-44 's Britch Fleece 


Appreciable 

27 

1/24 ’s Worsted Yam 

Containing a little oil 

1 Very bad. Only a small 

1 portion left 

70 

28 

Low Canadian Cross- 
bred Fleece 


t Appreciable 

29 

Shoddy Noil 

Sample was dyed . . . 

No definite evidence 
of attack 

30 

Crossbred Top 

Containing oil 
(2621 A.. Vickers) 

Slight 

71 

31 

, 

Fine Canadian Cross- 
bred Fleece 

j 

j 

Very bad. Sample al- 
most completely 
disappeared 

32 

Mungo 


Fairly bad 

33 

i 

I 

Worsted Cloth 

Containing 0-7% olive! 
oil 

1 

1 

Bad, though less dam- 
aged than* Sample 
No. 24 

ri 

34 

1 

Canadian Merino 
Fleece 

' Very bad, only a small 

1 portion remains 

35 1 

Shofldy 

Very bad. Completely 

disappeared 

36 

Worsted Cloth 

Containing 0*5% Slight (removed .ifter 

added wool fat free six weeks; see No. 
from fatty acids | 54) 


j I 


54 

1 37 

Human Hair (Chinese 
Stump) 



Bad 


38 

German Half-bred 
Fleece 


Fairly bad 


39 

East Indian Fawn 
“Joria” Fleece 



Very bad. Almost 
completely 
disappear^ 

55 

40 

Iceland Skin Wool ... 


Slight 


41 

Black Turkish Ckiat- 
Mair 

... 

Appreciable 


42 

Hair Blend 

1 

Low' Morley Woollen 

1 

No definite evidence 
of attack 

56 

43 , 

_ 1 

Grej’ Turkish Goat 
Hair 


Very bad. Only a small 
portion remaining 


44 1 

1 

Red Turkish Mohair 



Very bad. Sample 
completely 
disappeared 


45 1 

Botany Tops 

Containing little oil... 

Appreciable 
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TaMe II — conHHued 


No. of 
Tin 

No. of 

1 Sample 

Type of 
Matenal 

Remarks on 
Sample 

Extent of Damage and 

1 other Observations 

57 

1 46 

Grey China Dipped 
Mohair 



1 Very bad. Sample 

1 completely 
disappearkl 


47 

44*8 Roving 

.1 Slight 


48 

Hosiery Fabnc 

Finished with per- 
oxide and rendered 
unshrinkable by 
chlorination 

1 Fairly bad 

1 

58 

49 

Undyed Flannel 

1 

1 Slightly over 

1 chlorinated 

1 SUght 

! 


50 

BiUiard Cloth .. 1 

In the gre> (un- 
scoured) The size 
contained salicyhc 
acid 

None 


51 

Billaxd Cloth 

Dyed and finished 

Appreciable Much of 
the pile removed 

59 

52 

Low Union Cloth 

No. 2 

As sample No 12 ... 

Appreciable Much of 
the pile removed 


53 

1 

Low Union Cloth 

No. 1 

As sample No 9 

Slight Some of the 
pile removed 


54 

Worsted Cloth 

Containing wool fat. 
(Sample No. 36) 

Appreaable One oi 
two holes in the 
cloth 

60 

55 

Undyed Flannel 

As sample No 49 but 
not chlonnated 

Bad Several Icirge 
holes m the cloth 


56 

Fine Saxony Slabbing 

Containing about 

10% oil (Vickers 
2130) 

No definite evidence 
of attack 


57 

Cape Slubbmg 
(Black and White) 

Containing about 

10% olive oil 

No defimte evidence 
of attack 


58 

64*8 Stubbing . . 

J^ved light blue, con- 
taining <llK)Ut 10% 
oil (Vickers 2130) 

No defimte evidence 
of attack 


As before mentioned, no discrimination whatever was made in the group- 
ing of the samples, the experiment being conducted independently of the broad 
conclusions suggested by the first series of observations. Nevertheless, 
Muth a few exceptions, the same interesting feature regar ding the com- 
paratively unpalatable nature of materials containing greater or less quanti- 
ties of added fatty material of vegetable origin was emphagj ged 

The majority of the samples were not exposed in duplicate. Consequently 
in this case also, the various points of interest which arose from the observa- 
tions must not be regarded as conclusive. Omitting the reference to the 
action of vegetable lubricants, these points were as follows — 

(i) Over-chlorinated flannel, as illustrated by sample No. 49, offered 
greater resistance to attack than similar material which had not beat 
chlorinated (sample No. 55). On the other hand, normally* chlor- 
inated hosiery fabric (sample No, 48) was fairly badly attacked. 
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(2) Billiard cloth in the grey, the warp threads of which were sized with 
''Flourine'' and contained salicylic acid as a mildew preventative, was 
not attacked, whereas the dyed and finished fabric had a considerable 
portion of pile removed (samples Nos. 50 and 51). 

(3) The Low Union cloth (samples Nos. 9, 12, 15, 52, and 53) offered 
considerable, but not, in all cases, complete resistance to larval £i,ttack. 
Variety No. i is claimed by the manufacturer to be mothproof and 
variety No. 2 mildewproof. 


(2) The Behaviour of Larvse in the Presence of an Alternative Source of Food 

A small quantity (about 0*1 g.) of the material under test together with 
or without a similar amount of an alternative kind of wool was placed in a 
test tube and inoculated with six larvae of T inea peUionella. The experiments 
were made in duplicate, the contents of each tube being examined at intervals 
when more larvae were added to replace those which had pupated. 

For describing the nature of damage observed in this and the following 
experiments, an arbitrary system of rating on the basis of 9 and expressing 
the average of the two results, has been adopted. This method of classifica- 
tion is subject to the personal equation and thereby entails many disadvant- 
«iges, the chief being that it does not express the smaller differences in the 
appearance of the various materials. It serves, however, to present the 
general trend of larval activity which is perhaps of more importance in view 
of the qualitative nature of the tests themselves. The units of this rating 
given in Tables III, IV, and V, are as follows — 
o=Fabric not attacked. 
i=Fabric very slightly attacked. 

2 —Fabric slightly attacked. 

3= Fabric fairly badly attacked. 

4=Fabric badly attacked. 

5 —Fabric very badly attacked. 

6=Fabric destroyed to the extent of about one-half of its weight. 
7==Fabric almost completely consumed. 

8— Fabric completely consumed. 

In this particular series the results are qualified by additional remarks 
appertaining to the differences observed. 


Table III 


Observations 

1 

t yp^ of Material | • Additional Remarks 

5 19 28 

weeks 1 weeks . weeks ' 


1 ' Flannel Blend (carded) contain- 

ing 6% oil 


2 60’s Flannel Blend (carded) con- 

taining 6% oil 

I English 111 Felting Wool (super 
j Shrop wether) (greasy) 

3 j English III Felting Wool (super 
I Shrop. wether) (scoured) 


, I 2 ' 2 


1 1^2 Preference for natural 


1 j 

3 

6 

3 

6 

7 
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Table 111 — continued 


Obsen ations 


No 1 

lv)K of Material 

1 

1 

1 


Additional Remarks 



S 


28 




weeks 

weeks 

j weeks 

1 

4 

Fnglisti HI I'clting Wool (super 

6 

7 


1 

Preference foi scoured 


Shrop ether) (seourccl) 




wool 


Do (gieasy) 

1 ^ 

4 



5 

Foglish Mil 1 citing Wool 

' 2- 

4 




(scoured) 





6 

English Mill eliingW ool (scoured) 

1 1 

6 


Preference for scoured 


Do (greasy) 

1 

4 


wool 

7 

I nglish Mil citing Wool (scoured) 

2 

1 

S 

7 


8 1 

1 I nglisli Mil elting Wool (scoured) 

3 

s 

b 

Preference for scoured 


Do (gre isv) 


4 

S 

wool 

Q 

Sbs Austrilian lltece (8S^y 

1 1 

2 

2 

Giease content had no 


grtdst) 

1 



special influence 


Do (H grease) 


2 i 

2 


10 

bO s \ustralidn Ileece (10 4"o 

1 

2 

2 

Slight preference foi 


grease) 




greasv wool 


Do (12 7% grease) 

1 

2 

i i 


'll 1 

Canan Discoloiirul Wool W 

2 

S 

7 



Australian (scouicd m benzene) 

1 

1 



12 

Canary Di9colour»»d Wool W 

2 


\ 

Slight preference foi 


Australian (scorned in benzene ) 




scouted wool 


Do (unscoured) 

1 

2 

2 

1 

n 

( ishmcrc \am 

!_i 


S 


14 1 

Cashmere Yarn 

1 

J 

7 

Preference for natural 

1 

W^itt CishmcK (nu) 

2 

b 

' 7 

fibre 

IS 

2/39 s Unseouucl \ im 

1 

1 

2 j 


lb 

2/19 s Unscouud Yiirii 

1 

1 

2 

Preference for fleece 


58 s 1 asmanian 1 li cc< 

2 



wool 

17 1 

SO s Funta (dry tombed) 

1 

7 

8 


18 

SO s Punta (dry combed) 



5 

l*referencc foi fleece 


44 s lop in oln t oil 


2 

3 

wool 

19 

SO s Punta (dry combed) 

1 

^4 ' 

r 

Preference toi fleece 


Botan\ lop uintainmg 2 S®o olive 

1 

3 

4 

wool 


oil 

1 




20 

Botan% 1 op (drv eombed) * 

1 

5 



21 

Botan\ Top {dr> combed) 

2 

7 

8 

Distinct preference for 


Botan> Roving contaming 2 9% 

T 

3 

S 

dry combed top 


oln e oil 





22 

Botany Top (dry eombed) 

2 1 

3 

5 

Preference for dry 


Botany Roving containing 2 7% 

1 

3 

4 

combed top 


ohvo oil sub^tute 





2i 

Woollen Yam contaming about 

1 1 

3 

3 


1 

1S% oleine 




I ^ 
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Table III — continued 




Observations 


No. 

Type of Material 

5 ' 

' 19 

1 

28 

Additional Remarks 


1 . 

weeks 

weeks 

weeks 


24 

Woollen Yam containing about ' 

1 


2 

I'referenco for the 


15% oleine 1 

60^8 Botany Yarn in oil , 

1 

3 

4 1 

worsted yarn 

25 

Camel Hair Fabric 

1 

2 

1 

6 

1 1 

7 ' 

Pile first attacked 

26 

Camel Hair Fabric 

1 

3 

6 

lYeference for natural 


Camel Hair (China) (raw) 

2 

5 

8 

fibre 

27 

Black Alpaca 'ibp (in oil) 

1 

2 

2 

28 

Black Alpaca Top (in oil) 

o 

3 

7 , 

Pnderence f<jr natural 


Black Alpaca (raw) 

2 

6 

. 7 

fibre 

29 

Goat Hair Yarn (in oil) . . 

2 

3 

5 


30 

Goat Hair Yarn (in oil) 

1 1 

2 ' 

2 

Preference for natural 


Grey Goat Hair (Chinese) (raw) ... 

3 

4 1 

. 1 

7 

fibre 

31 

24 *s Mohair Warp (sized with glue 1 
size) 

2 

1 

3 1 

3 


32 1 

24 's Mohair Warp (sized with glue 

1 



Slight preference for 


size) 

Do (not sized) 

i 



unsized yarn 


The preference shown by larvae for fibres in their natural condition was 
again a conspicuous feature of the results, particularly in the case of camel 
hair, alpaca, goat hair and cashmere. Natural sheep's wool was also more 
liable to attack than processed wool containing vegetable oil. Preference was 
also shown for worsted yam in oil in the presence of woollen yam having a 
high olein content whilst the latter was fairly badly attacked when no other 
choice of food was offered. Variation in the grease content of merino fleece 
wool did not appear to influence the larva; to any appreciable extent. 

Another item of importance was that scouring of natural sheep's wool 
with soap, without addition of oil, further enhanced tlie tendency to damage. 
When this observation is brought into line with the fact that scoured fleece 
wool is more attractive to moth larvae than white wool fabric, as reported by 
White, Fulton, and Cranor,’ the necessity for special vigilance during storage 
of this material becomes evident. 

Other features of minor importance were that the sizing of mohair with 
glue size and the oiling of botany roving with an olive oil substitute containing 
a little mineral oil gave slightly better protection than unsized mohair and 
roying treated with pure olive oil respectively. 

l3 ) The Effect of the Presence of Fatty Acids and Mineral Oils 

Returning to the observations made with respect to wool materials 
containing vegetable oil, the extent to which they are borne out by trade 
experience is not known, although it is believed that instances of such goods 
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being moth eaten are comparatively rare. As a case in point it might be 
mentioned that in 1923 a member of this Association, in describing the 
damage caused in Egypt by the grabs of the Dermestid beetle, Anihrenus 
fasciatus, stated that these insects do not seem to attack yam when in oil, 
but only when scoured or white genapped and finished. 

A statement to the same effect has since been made personally by a textile 
official of the Egyptian Government. 

A possible explanation of the phenomenon in question is to be found in a 
paper by Minaeff and Wright® of the Larvex Corporation, published during 
the course of the preceding experiments. These workers, while checking the 
validity of a statement specified by Jackson and Wassel®, demonstrated that 
flannel treated with certain quantities of oleic acid showed considerable 
resistance to larval attack. No details were adduced, however, as to the 
manner in which the effect was brought about. In a supplementary patent 
Jackson and Wassel® claimed to have discovered that fatty acids have 
insect-repelling and particularly mothproofing properties. They also stated 
that a solution of quinidine oleate containing 1% calculated as quinidine 
is effective against the attack of clothes moths on wool. 

Whatever the contributory value of the fatty acids may be when applied 
in this manner, it is highly improbable that they could be employed in the free 
state, especially since cases of moth larvae attacking woollens containing 
exceedingly laige quantities of olein have been noted. 

Nevertheless, it was considered that a few experiments on the influence of 
fatty acids on the action of Tinea pellioneUa would not be out of place. In 
addition to these tests the effect of mineral oils was also investigated. 

Portions of 6o's quality scoured worsted cloth treated with emulsions of 
fatty acids or mineral oils were exposed in plugged test tubes to the action 
of six larvae and the effects compared with those observed from a similar 
series in the presence of untreated cloth. The tubes were examined at in- 
tervals of a few weeks, additional larvae being added as before. The test was 
made in duplicate. (See Table IV.) 

It will be observed that the lower values for all the fatty acids did not 
give protection against injury. When, however, untreated cloth was also 
present the larvae showed, in general, a distinct preference for it. 

The addition of larger quantities of fatty acids produced, in most instances, 
a considerable degree of protection while the preference for imtreated wool 
was still more marked, except in the case of the lower members of the acid 
series. 

Tlie lower values for the mineral oils considerably checked the amount 
of damage whilst the higher quantities, apart from one exception, prevented it 
entirely. The portions of untreated wool exposed with those containing the 
larger quantities of oil were affected to practically the same extent as the 
control sample, thus indicating that the mere presence of cloth p-nntainiTig 
mineral oil presents no barrier to the action of grubs on wool which is free 
from it. 

The reason for the-repelling action of wool containing vegetable oil offers 
a problem to the physiological zoologist. It may be that the fatty acid 
constituent renders the goods distasteful to the larvae, although a more 
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Table tV 

Condition of Cloth after Exposure 


"•Treatment Treated Cloth only | Ireated and Untreated C»oth 




4 1 

1 n 

18 


4 1 

11 

18 



weeks , 

1 weeks 

weeks 

t 

weeks 

weeks 

weeks 

1 % Palmitic acid 


2 1 

1 3 

4 

a 

2 

3 

3 


1 

1 


b 

1 2 

5 

5 

5% M 

(4-6 ) 

0 

1 

1 

a 

0 

1 

1 




b 

2 

4 

5 

1 % Mynstic acid 

(0-57) 

2 

2 

4 

a 

T 

2 

3 





h 

2 

3 1 

1 3 

5% .. „ 

(5-2 ) 

1 

2 

2 

a 

1 

2 

3 


1 



b 

3 

5 

5 

P’o btearit acid 

(0 57) 

0 

3 

5 

a 

0 

2 

2 





b 

2 

3 

3 

5‘o 

(3 3 ) 

2 

4 

S 

a 

1 

2 

2 





6. 

3 

4 

4 

Lmcolic acid 

(0 56) ' 

' 2 

4 

s 

a 

1 

2 

2 





b 

2 

2 

J 

5% .. 

(5-5 ) ^ 

0 

d 

1 

a 

d 

0 

0 

1 



b 

1 

2 

2 

Erucic acid 

(0 68) 

1 ^ 

3 

5 

a 

1 

2 

2 





b 

1 3 

4 

4 


(2 8 ) 

0 

3 

5 

a 

1 

2 

2 





b 

2 

5 

5 

1 *0 OloK acid 

(0-50) 

1 

2 

3 

4 

a 

T 

2 

4 





b 

2 

4 

5 

CO 

0 

(4 4 ) 

* 0 

1 

2 

a 

d 

0 

0 





b 

2 

3 

4 

1*^0 ^ apioic acid 

(0-62) 

2 

4 

S 

a 

0 

3 

4 






h 

2 

3 

3 


(33 ) 1 

0 

0 

0 

a 

2 

2 

3 





b 

1 

2 

2 

1”( f aprylic acid 

(0 64) 

1 

2 

3 

a 

0 

3 

4 




b 

2 


4 

'' (» 1 It 

(4 3 ) 

0 

3 

3 

a 

\ 

1 

1 





b 

1 

I 

2 

l'\, Laurie acid 

(0 72) 

2 

0 

4 

a 

2 

2 

3 





b 

2 

3 

3 

.. 

(2 7 ) 

0 

1 

2 

a 

T 

2 

2 





b 

2 

3 

3 

1 ' u Liquid iiarafiin 

(0 57) 

J 

3 

4 







(3 7 ) 

0 

0 

0 

a 

0 

d 

0 





b 

2 

4 

4 

1‘ , ABW Spotless 

machinery lubricant 

(0 75) 

1 

I 

2 

3 






(3-3 ) 1 

0 

0 

0 

a 

1 

1 

1 





b 

3 

3 

3 

I'o Spotless 

(0 63) 

1 

1 

1 





machmerv lubneant 

0 M •• 

0 

0 

(» 

a 

0 

0 ' 

0 

(2-9 ) 


1 



b 

2 

3 

3 

l"o Scotch oil (pale) 

(0-51) 

1 

2 

3 






(38 ) ' 

0 

(» 

0 

a 

0 

0 

0 





b 

2 

4 

4 

^ ontrol (no treatment) 

1 

2 

3 

5 






* Fatty acids applied with water and emulsified with a little ammoma Mineral oils 
*)pplicd as emulsion in weak soap solution. 

t <*= Treated 6— Untreated cloth. 
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favourable suggestion is that the comparatively mobile oil adheres to the 
outer covering of the grub, thereby clogging its respiratory pores. 

Whatever the cause, it is evident that the properties of vegetable oils 
differ essentially from those of natural fibres in this respect. In the case of 
raw wools, however, the suint or other inherent factor may contribute to 
their relatively greater attractiveness whilst the actual fatty compounds may 
exercise no such property. The very greasy samples of merino fleece listed 
in Table I, Nos. 59-67, were particularly attacked at the tips. It is possible 
that some additional factor may be present in those portions. It is of interest 
here to note that the grease content of those animal wools which appear to be 
most favoured by the clothes moth larva?, namely alpaca, camel hair, and 
cashmere, is comparatively small, whereas in the case of sheep's wool, the 
observations made in the previously described tests suggest that the removal 
^ of the natural grease by soap scouring increases the susceptibility to attack. 

(4) The Effect of Treatment with the Proprietary Mothproofing Agents — 
*‘Larvex” and “Eulan” 

I'his test was carried out in the same manner as that previously described. 
The *'Eulans" were applied in accordance with the maker's instructions and 
“Larvex," which was described as the "Rinsing" brand, in various concentra- 
tions, including that of 2% recommended by the makers. (See Table V.) 



Table V 







C ondition ol ('loth after Exposure 


Treatment 

1 reated i loth onh 

Treated and Untreated 
Cloth 


4 weeks 

11 weeks 18 weeks 

+ 

4 weeks 

10 weeks 

Larvex 0-1 %* 

2 

2 

3 




„ 0-2% ♦ 

2 

3 

3 




„ 

2 

2 

2 




.. !%♦ 

0 

0 


a 

0 

0 





b 

, 0 

0 

00 « 

- 0 

0 

0 

- 

a 

0 

1 





b 

1 

2 

40 * 

,, 0 

0 

0 


a 

0 

0 





b 

' 0 

0 

Kulan extia 

0 

0 

0 

a 

0 

0 





b 

2 

3 

,, ,, (applied at boil) 

0 

0 

(> 

a 

1 0 

0 





b 

1 

2 

Eulan F 

' b 

0 

0 




„ (cloth well rinsed after 






treatment) 

0 

0 

0 

a 

1 1 

1 3 





b 

3 

5 

Kulan \V extra 

0 

0 

0 

a 

0 ' 

‘ 0 





b 

0 1 

i 0 

Eulan N 

0 

0 

0 

a 

0 






b 

2 


Control (no treatment) . . . 

2 

3 

5 




* Immersed 15 minutes in solutions containing these quantities, calculated on the 
weight of wool. * 

t = Treated cloth. b - Untreated cloth. 
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These observations left little doubt that at least as far as unscoured 
worsted cloth is concerned, the claims made by the manufacturers of these 
substances are justified. 

The effect of the presence of imtreated cloth on the behaviour towards 
the treated, and vice versa, depends in all probability on which particular 
sample the larvae first focus their attention. As far as is known the grubs 
possess neither sight nor olfactory sense® so that their selection of food is 
purely accidental, being conditioned solely by contact. Hencc' it is feasible 
to expect that extensive damage may sometimes occur to unproofed clotli 
in the presence of proofed material; as evidenced by the experiment with 
Eulan Extra and Eulan F (rinsed). On the other hand, damage to Eulan 
proofed wool in the presence of untreated fabric, as shown chiefly by the 
Eulan F (rinsed) test is more difficult to t^xplain, although it is not claimed 
that this substance is fast to washing. 

Subsequent tests with the larvae of Tinea hiseUieUa on wool materials 
tieated with Eulan Extra and the recently introduced brand Eulan NK have 
given adequate proof of the efficacy of these substances. The larva* caused 
a small amount of damage, but their activities were short lived. Under 
gt neral conditions of storage, a spontaneous infection ol wool with almost 
fully developed and voracious larvse as used in these tests is unlikely. 
Infection usually takes place through the deposition of eggs by the female 
moth. The newly hatched and minute laiva^ aie much more sensitive to 
adverse conditions and particularly to the presence of poisons such as Eulan. 

It is understood that Eulan Extra and Eulan F" are now no longer 
procurable. 

It is not proposed here to discuss the relative merits of Larvex and the 
Eulans, although it may be of interest to note that according to Minaeff and 
Wright,® Larvex consists essentially •f sodium silico fluoride. Two of th(* 
brands of Eulan (Eulan Extra and W Extra) also are compounds containing 
fluorine, which element, presumably, is an intestinal poison. 

Reference to the latter and other Eulan compounds may be found in 
the paper by Clark.® According to this writer, the application of fluorides 
and silicofluorides for mothproofing purposes was first claimed by the manu- 
facturers of Eulan in their E.P.173,536. 

(5) Experiments with Volatile Insecticides 

Observations were made on the behaviour of the larvte of Tinea peUioneUa 
in the presence of the vapour of three proprietary articles, namely “Flit,’' 
“Deleoil,” and “Globol” (paradichlorbenzene) in closed atmospheres. 

A small sample of 50's New Zealand fleece wool, light in grease (4*o*\, 
grease) and six larvcC were placed in each of two test tubes, one of which was 
open at both ends. The open ends were then loosely plugged with cotton 
wool and the tubes suspended horizontally, either in a large tin (18 litres 
capacity) or glass vessel (4 litres). A known amount of the insecticide, 
placed on a small pad of cotton, was then introduced into the chambers and 
the latter sealed and incubated. The contents of the tubes were subsequently 
examined with the results given in Table VI. 
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Table VI 


Substance 

C oncentration 

Period 

I e 

Observations 

of Tost 

I 

Tube open at 

One End 

Tube open at 

Both Ends 

Flit 

0*5 c c per 18 1 

33 da>s 

\li larv a* dead Wool 
slighth damaged 

3 larva; dead, 3 alive 
but abnormal Wool 
slightl> damaged ( 


0-05 c c pel 4 1 

38 days 

1 larva alixt 4 
metamorphosed 
alive Wool badl\ 
damaged 

3 larvde dead I pup- 
ated Wool slightly 
damaged 

Deleoil 

0 5 c c per 18 1 

33 da's s 

All larvdp dead W ool 
slightlv damaged 

All larvae dead Wool 
slightly damaged 


0 US c c per 4 1 

38 dd\s 

1 laiva ali\i remain- 
ing lar\ £ and pupse 
dead Wool badiv 
damaged 

3 larv a; dead, 3 pupa; 
alive Wool fairly^ 
badly damaged 

Globol 

0 5 g per 18 1 

33 dax'* 

AH larv ae dead No 

at tion on wool 

All larva; dead No 
action on wool 


0 25 g pet 18 1 

38 dax s 

\11 larvdf dead Wool 
probablv undamaged 

All larva dead Wool 
piobabl> undamaged 


U 1 g p( 1 18 1 

31 davs 

All larvae dead Wool 
probabl> undamaged 

\11 larva; dead Wool 
probably undamaged 


0*05 g (applit*d 
as d 5% sol in 
alcohol; pel 

181 

28da\s 

1 

\ll larva, d(‘ad Wool 
probabh undamaged 

All larvae dead Wool 
probably^ undamaged 


0 025 g j>er 18 1 

2 idd\s 

Slarvjedead 1 alivt 
^Wool not attacked 

5 larvae dead, 1 alive 
Wool very slightly 
attacked 


The most striking result of these few tests is the superiority of Globol 
over the other msecticides, a concentration at the rate of only about half 
an otmce in 100 cub. ft of air space bemg required to g^ve complete protec-' 
tion Even smaller concentrations were found to give satisfactory results 
but the participation of the alcohol in this connection was not ascertamed.^ 

Globol, which has been repeatedly referred to m the hterature^»®»* is 
a very volatile crystalhne substance possessing a somewhat sweet smell and 
harmless to man The odour disappears somewhat slowly from woollen 
materials subsequent to storage Its removal, however, is facihtated by 
subjecting the goods to a current of hot air. 

SUMMARY 

Observations are described on the susceptibihty of animal and vegetable 
fibres to damage by the larvae of two species of clothes moth, Tineola bisel^ 
lifiHa Himmd and Tinea pelltonMa L, under natural and controlled 
conditions. 

The more important conclusions arrived at are as follows — 

(i) Vegetable fibres and silk are not attacked by the above fiientioned 
species of clothes moth. 
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(2) Certain animal fibres such as alpaca, camel hair, cashmere, and goat 
hair are highly susceptible to attack, particularly when in their 
natural state. The natural fleece of the sheep is also readily attacked 
but in the cases examined, the process of scouring enhanced further 
its susceptibility. 

(3) Partially processed sheep’s wools containing vegetable oil are not 
favoured by clothes moth larv®, although such materials may not be 
considered to be immune from their activities. 

(4) Fatty acids, applied in a concentration as high as 5*2% on the weight 
of wool, do not produce complete immunity. In this respect, these 
substances are inferior to certain mineral oils examined. 

(5) Worsted cloth impregnated with solutions of “Larvex" and "Eulans” 
are satisfactorily proofed against the action of clothes moths. In- 
fected wool stored in a closed atmosphere containing paradiclilor- 
benzene is also efficiently protected. 

The writers’ thanks are due to Mr. J. Stott who has very ably assisted 
with this work. 
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10— APPARATUS FOR THE MEASUREMENT OF FLOW AND 
RELAXATION OF TEXTILE FILAMENTS 


Harold D. W. Smith. Ch.E., Ph.D., A.T.I. 

(Kaiser Wilhelm Institut fur FaserstoflFchemie) 

SUMMARY 

This paper describes an improved model of the Polanyi tester which may be 
used for measuring the rate of flow of single filaments of rayon under constant 
loads at various temperatures and in various atmospheres or liquid me^ums. 
It further describes an apparatus which was developed from the suggestions of 
E. Schmid m order to make possible the measurement of the relaxation of rayon 
filaments at constant small extensions. This apparatus is also more suitable 
than the Polan3ri for the accurate measurement of flow under small loads. 

POLANYI TESTER AS ARRANGED FOR PLOW TESTS 

In connection with an investigation of the elastic after-effect phenomena 
of rayon and other filaments reported in a second paper, the problem arose 
of developing suitable apparatus and procedure for the measurement of flow, 
i.e., rate of change of length of a filament under constant load; and of relaxa- 
tion, i.e., rate of change of the load supported by a stretched filament held 
at a constant length. 

Of the several t}qx;s of existing apparatus, such as those of Krais,' Leis* 
or Polanyi,* adaptable to the measurement of flow of filaments, the latter 
was used for the first experiments. The improved model of the Polanyi 
tester which was adapted to this work is illustrated in Fig. i. 

The apparatus consists in principle of a micrometer screw (r) which carries 
the lower clamp (b) and a flat steel beam, or spring (/), supported on two 
knife edges, from the middle of which the upper specimen clamp (a) is hung 
by means of a suitable wire hook (g). By lowering the micrometer screw by 
means of a suitable worm and wheel arrangement (d) the re.sulting stress 
in the mounted .specimen is transmitted to the .spring which is consequently 
deflected. An exact measurement of this deflection, which is made by means 
of two small mirrors mounted on the ends of the spring in conjunction with 
the telescope and scale arrangement of Poggendorf , provides directly a measure 
of the load on the specimen. The magnitude of the extension is given by the 
difference between the vertical movement of the micrometer screw and the 
deflection of the spring. Simultaneous readings of the position of the micro- 
meter screw and the deflection of the spring (scale reading) provide points 
from which the stress-strain curve can be constructed. Fig. 2 and 3 show 
examples of stress-strain curves obtained on single filaments of Bcmberg 
(cuprammonium) and Lilienfeld (greatly stretched viscose) rayons in air at 
several relative humidities, by means of this apparatus. 

Procedure for Flow Measurements 

In order to measure the flow by means of the Polanyi apparatus the 
mounted filament is first deformed by a definite load, by turning the wheel 
which drives the micrometer screw downward as rapidly as possible by hand to 
the desired point. Then, in order to hold this load constant for the remainder 
of the experiment, the micrometer screw must be lowered still further (but at 
a very much slower rate, which is determined by continuous observation of 
the scale reading ur the telescope which must be held constant by suitable 
motion of the micrometer screw) as otherwise the flow of the specitnen would 
cause a diminution of the load upon it. The position of the calibrated 
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wheel at various times gives the data for the flow curve, which represents the 
[[extension under a constant load as a function of the time. 

The pitch of the micrometer screw is 0*5 mm. per revolution and the 
calibrated wheel is divided into 180 parts. One wheel division therefore 
=1/360 millimeter movement of the lower clamp (6). 


stress/ STRAIN CURVES 



Some load fluctuation is inevitable since the calibrated wheel can only 
be turned farther after the flow of the specunen has caused an actual change 
in length and load sufficient to be perceptible in the telescope reading. On 
the improved Polanyi apparatus this fluctuation was reduced by increasing 
the sensitivity of the beam about five-fold as shown in Table I. This reduced 
the fluctuations in scale readings to cm. =3 nagm. maximum load 

fluctuation. Even this small fluctuation amounts to from o-i% to 1% of 
the loads applied in the experiments. 

Fs 
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Table 1 

Deflection Load 

Spring Deflection Constant Constant 

Spring Dimensions (mm (mm per cm (gm per cm. 

(mm ) per gm } scale reading) scale reading) 
(small Polanyi app ) 40 x 0-99 x 0-19 0-137 0-16 0-019 

“E** (newPolanyiapp) 120x1*50 x 0 30 0-70 0-047 0-068 


stress/ STRAIN CURVES. 
OF BEMBERG 



STRESS (per cent) 

Fig 3 

The calibration experiments revealed a slight deviation from strict pro- 
portionality between load and deflection which was caused by the moments 
of the mirrors as their inclination from the vertical increased. However, 
this deviation was so small in comparison to the influence of differences in 
cross sectional area of the filaments on the stress determination that the mean 
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value was amply exact for the calculation of the load. This deviation is 
without any influence whatever on the course of the flow curve itself. 

To one end of the steel spring is soldered a small brass block with a groove 
in it which rests on one knife edge. The other end of the spring glides on its 
knife edge as the spring deflects. The friction between spring and knife edge, 
which interferes with the proportionality between the stress in the specimen 
and the scale reading and causes an imcertainty in the loading, adds to the 
fluctuation mentioned above. It was greatly reduced by securing to the 
under side of the spring at the movable end a small plane glass plate with 
rounded edges. This reduced the ''hysteresis** (difference between scale 
readings obtained by approaching a given load from a smaller load and from 
a greater load) from about o*2 cm. to about 0*03 cm. scale reading. The 
danger of premature termination of an experiment, due to an external \4bra- 
tion suddenly releasing the frictional resistance of the spring, thus causing a 
small jump in the scale reading, remained. 

The use of the longer spring made the system composed of stressed 
filament, spring and mirrors, much less sensitive to external shocks which 
tend to throw it into elastic oscillation. Even with the long spring, however, 
and special casein cusliions imdcr table legs and apparatus which was set up 
in a vibration free room (with separate foundation), it was necessary to con- 
duct experiments after other machines in the building had been shut down. 

The first experiments revealed that the rate of loading attainable by 
hand operation of the wheel was far too slow. By drawing on a long cord 
which was wrapped about the drum on which the wheel was mounted, the 
rate of loading was greatly accelerated. In order to bring a scale division 
exactly in line with the cross-hair in the telescope (which is necessary 
in order to permit the exact observation of very slight movements of scale 
relative to cross-hair) it was necessary to finish the loading operation by hand. 
It was, therefore, impossible to maintain the same rate of loading in different 
experiments. The greater the number of turns necessary to reach the desired 
load — ^whether because the chosen load itself was greater or because of the 
physical state of the filament (swelling) — the longer was the loading time and 
the greater the influence of the above-mentioned uncertainties. 

Control of Atmospheric and Temperature Conditions 

In order to control the atmosphere surrounding the specimen, the latter 
is tested within the glass mantle (A, Fig. i) whose upper end is ground off 
plane. This mantle with its groimd glass cover isolates the fibre completely 
from the atmosphere of the room, since the prepared air which enters the 
mantle at the bottom by means of the inlet tube (k) escapes through the small 
hole in the glass cover at sufficient velocity to prevent any counter diffusion 
inward* 

By closing the inlet tube (k) the mantle may be filled with water or 
other liquid thus immersing the filament completely during an experiment. 

Production of Dry Air 

For the experiments made in dry air, air from a compressed air flask was 
passed through a chain of wash bottles containing calcium chloride, concen- 
trated sulphuric acid and phosphorus pentoxide, all connections being glass 
tubing held end to end by rubber vacuum tubing scaled over with pitch. A 
test showed that at a rate of flow of 4 litres per hour the moisture absorbed by 
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a U tube filled with phosphorus pcntoxide and protected at its outer end by a 
second phosphorus pentoxide filled tube amounted to 0-3 mgms. which 
corresponds to a relative humidity of 0*04%. 

This rate of flow of 4 litres per hour results in a linear velocity of flow of 
16 cm per second through the exit hole in the glass cover disc. 



A calculation of the rate of diffusion 
of water vapour from the room inward 
through the hole in the glass cover of the 
mantle, based on the diffusion equation of 
Pick and assuming the maximum concen- 
tration differential (i.e. saturated air 
outside and absolutely dry air inside), gives 
a linear rate of diffusion inward of 1*14 cm. 
per second. The rate of air flow of 4 litres 
per hour, therefore, is ample to prevent 
diffusion of moisture into the space within 
the mantle during an experiment. 

For the experiments at temperatures 
other than room temperatures the glass 
mantle was replaced by a thermal jacket, a 
cross section of which is depicted in Fig. 4. 
The fibre is moimted within the tube R (by 
means of pitch for low temperatures or glue 
for higher temperatures) between the pointed 
quartz rods (Q and Q ) which replace the 
usual clam])s. The cup (T) surrounding (R) 
is filled with the warming or cooling medium. 
For low temperatures the cup was filled with 
an ether — solid carbon dioxide mixture or 
with liquid air. For temperatures above 
that of the room it was filled with mineral 
oil which was heated by a suitably controlled 
electrical resistance coil. The outer sleeve 
guide was wrapped with thick felt insulation. 
In using the thermal jacket for experiments 
at higher or lower temperatures, the speci- 
men was first thoroughly dried in the usual 
manner by passing the dry air in at (i) and 
up through the tube (R) for a long time. 
Before pouring the cooling or warming agent 
into the cup (T) however, the stopcock on 
the air supply was closed and the air stream 
switched to the side tube (P) so that the air 
surrounding the specimen was quiet. This 
procedure made possible a more certain 
cooling or warming of the air and specimen 
within (R) and at the same time the con- 
tinued dry air stream from (R) protected 
the specimen from the moisture which would 
otherwise have reached it by diffuSion from 
the outside air. 


Fig 4 
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APPARATUS FOR MEASUfRlKC RELAXATION AND FLOW 

In order to measure relaxation phenomena an apparatus which was 
designed primarily for this purpose but which also offers advantages over the 
Polanyi apparatus for flow measurements was developed from a design 
suggested by E. Schmid. It combines a balance beam and an optical lever 
with a float “like loading arrangement similar to that of the improved 0*Neill 
Tester used by Mann and Peirce.* This combination makes possible the 
accurate determination of very small changes in length of the test specimen 
as well as in load and provides a control of both which permits the accurate 
observation of flow and relaxation phenomena under controlled atmospheric 
conditions. In the form developed, loads of a few grams may be applied and 
load changes of a few milligrams and length changes of a few tenths of a 
millimeter may be measured. 

The apparatus (Fig. 5) consists of a balance beam (dd) whose position 
may be read by means of the customary pointer and more accurately by 
means of a mirror (g) mounted on it, a distant scale and a telescope (not 
shown). The filament to be tested is mounted vertically between clamp 
(a) suspended by the wire {i) from the left end df the beam and clamp (h) 
which is fixed to the baseboard. The mounted filament is separated from 
the outer atmosphere by a mantle and cover (k) similar to that of the Polanyi 
apparatus. The adjustable U-shaped supports (m) and [m^ serve to support 
the mantle and its cover glass while the specimen is being mounted. 

Loading Arrangement for Relaxation Experiments — The problem of investi- 
gating relaxation requires that the load on the filament be alterable in such 
a way as to keep the beam stationary. To accomplish this the weight is in 
the fonn of a float {n) of uniform cross section having a hook (q) which can 
engage the hook (p) hanging from the right end of the beam. The float 
liangs or floats vertically within a reservoir (0). 

The liquid level in the reservoir, and hence the load, can be quantitatively 
( ontroUed at will by allowing liquid to flow into the reservoir from burette 
(r) or out through the stopcock on (v) into a tared vessel on a balance. 

A filament under a constant load will increase in length (flow); if the 
load is removed it will tend to contract. By gradually and suitably de- 
creasing the load on a filament which has been extended to a certain length 
tlie length may be held constant. This is accomplished by first running liquid 
rapidly out of the reservoir to load and extend the filament to the desired 
length and then by running liquid into the reseivoir at such a rate as to hold 
constant the scale reading of the telescope and hence the balance beam and 
the filament length. From readings of the amount of liquid allowed to flow 
out of or into the reservoir and of the time, the relaxation curve may be 
constructed. 

Loading Arrangement for Flow Experiments same apparatus with a 
change in the loading mechanism is suitable for flow experiments in which 
the total changes in length are small. For this purpose a hanging weight 
fastened to hook {p) by a fine supple filament of silk provides the constant 
load. In place of the float a free-floating glass dish is placed on the surface 
of the reservoir on which the weight rests at the start of the experiment. 
By lowering or raising the level of the liquid, so that the floating dish releases 
or supports the hanging weight, loading or unloading may be rapidly accom- 
plished. 
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ARRANGEMENT OF OPTICAL LEVER FOR READtNC 
CHANGES IN LENGTH 




fiIame^t 

I I 
I I 


OF BEARING F»OINT 

SINCE R<5infn AND ^ * *32 fnm IN 
THE EXPERIMENTS IN QUESTION IT 
IS PERMISSIBLE TO SET h»a. ' 


Flo. 6 
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The smoothness of loading is affected somewhat by oscillations set up by 
the swinging weight which prevent an immediate reading of the beam position. 
Careful centring of the weight beneath the hook at the start reduces this 
trouble to some extent. In order to further damp the oscillations ttie dish 
was filled with mineral oil to such a depth that the weight remained sub- 
merged in it during a whole experiment. A correction for the buoyant 
effect of the oil is of course necessary. 

Length of Specimen 

This may be varied by using hooks at {i) of different lengths. In the 
majority of experiments tlie distance between the clamps (when the balance 
was in equilibrium in the zero position) was 145*0 mm. 

Measurement of Changes in Length of Specimen 

Referring to the sketch of the optical lever arrangement in Fig. 6, the 
vertical component (A) of the displacement of the left bearing point (i) of 
the beam is— 



Vx’^ 4 sM •>' 


Since x small compared with s, the equation may be simplified to — 


h ■= 


wj 

4 -' 


(^) 


Application of this expression to the present apparatus, in which 
265-4 s=-6io() mm., yields A~o*to8 mm. per cm. scale reading. 

The maximum vertical displacement of the point (i) during the experi- 
ments was A=j mm with a specimen of about 145 mm. length. For this 
small di.splacement the changes in length {a) of the fibre may be considered 
equal to the vertical component (A). (Fig. 6b ) 


Sensitivity 

The sensitivity, which was made as great as possible, amounted to 2-5 cm. 
change in scale reading, or o-i^ movement of the beam about its fulcrum 
per milligram change in load. 


Measurement of Load Changes with Float Arrangement 

The whole float weighs 3-66 gms. in air, but because of its rounded bottom 
and the disturbance due to surface tension effects which would be caused by 
the emergence of this portion from the liquid, its limit of ust'ful load is about 
3*5 gnis. 

When the balance is loaded, every increase in the quantity of liquid in 
the reservoir raises the float which hangs on the right end of the beam, and. 
hence alters the position of the beam. In ordei to counteract this a weight 
Pj must be removed from the left side. For a cylindrical float and cylindrical 
reservoir the relationship between loads and volumes is — 

( 3 ) 

in which P = load in grams. 

V = volume of liquid in the reservoir, 
s = specific gravity of the liquid. 
d = outside diameter of float. 

D = inside diameter of reservoir. 
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The signs P^, P,, and V,, V„ refer to two conditions in which the balance 
is in eqnilibrium in the same position. 

The absolute value of the load P* is obtained from the expression by 
tiiftlcifig Pj a= 0. The corresponding refers then to that quantity of liquid 
by which the float floats free with the hooks {p) and {q) just in contact with 
one another. For the apparatus as described — 

d = 0*957 cm. 

D = 6*8o cm. 

For the use of ««propyl alcohol specific gravity s = 0*804, the constant 
in equation (3) is — 

4 s=s ^ ™ =1 0*01624 grams load per r.c. liquid. 



Fig 7 


In order to determine the zero point from which to measure changes in 
V, the liquid level is lowered gradually from a level at which the float floats 
quite freely until the first motion of the scale is observed in the telescope. 
Since 0*2 mm. scale movement (corresponding to o*o8 mgm.) is easily observ- 
able, the zero point is determinable with the* same degree of accuracy as the 
determination of changes in load. 

For the useful range of load equation (3) was experimentally tested by 
calibration experiments on the apparatus, by loading and unloading the 
left end of the beam step by step with known weights. At every step the 
liquid level was so adjusted that the beam stood again in the zero position. 

In Tables II and III, and Ilia, the loads are recorded in the first 
column in the same order in which they were applied in the experiment. 
The second column gives the difference between the volumes of liquid in the 
reservoir at zero load and at the load P. T^e volume difference, as calculated 
by equation (3), is given in column 3, and the difference between calculated 
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and measured volume in column 4. The results of Tables II and III, and 
Ilia, are given diagrammatically in Fig. 7 and in Fig. 8, which reproduces 
the portion between 2*0 and 2*4 gms. load to a larger scale in order to make 
more clear the behaviour discussed in the next paragraph. 

The first calibration using water revealed that the deviations from the 
calculated value are irregular and that the observed values for a sinking 
liquid surface differ from those for a rising surface. This deviation from 
the expected proportionalit3% which is very evident in Figs. 7 and 8 is greatest 
at the turning point where a rising surface foUows immediately upon a 
sinking one, and is apparently due to a change in the form of the meniscus 
of the liquid surface. 



A second calibration was, therefore, made, using instead of water normal 
propyl alcohol. As shown in Figs 7 and 8, the use of propyl alcohol resulted 
in a much more uniform proportionality, and greatly reduced the irregularity 
at the turning points and the spread between increasing and decreasing load 
values. There is, however, a nearly constant difference of about i’3~i7% 
between the calculated and the observed values which can only be due to 
slight inaccuracy in the values of the D, d, or 6 in equation (3). 

The calibration shows that it required a mean of 50-43 grams, or 62-72 c.c. 
of normal propyl alcohol to effect a change in load of i-ouo gram, and that 
k = 0-01594 for loading, and 0-01596 for unloading. All relaxation experi- 
ments were evaluated by the use of equation (3), substituting the actual 
value of A = *01594 for its theoretical vdue. 
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Comction Neceaaary because at Altered Position of the Balance Beam 
If the ooloaded beam moves "x” scale divisions (in the telescope) from 
its zero position during loading, then in equation (3) Vj' should be substi- 
tuted for Vi- 

Vj* is the volume at which the float is just in contact with the beam for 
the position of x cm. scale reading of the latter. Vi° on the other hand is 
the volume at which the float and beam are just in contact for the zero position 
of the beam. Since V,— Vj® is actually determined during an experiment, 
Vj'— Vj® most be determined as a correction. The volume— 

Vi' - Vi®= (D*- iP)— = (D*- cP) 7 i ^ (4) 

4 IDS 

from which for x = i, Vi^— 0*4 c.c. 

Hence from the total amount of liquid run out of (0) an amount = 0*4 cc. 

X scale reading must be subtracted. 

Evaporation of Alcohol during Experiment 

The reservoir is closed at the top by a cork having a small liole in its 
centre for the free movement of the wire (y). In order to prevent change 
in liquid level, due to evaporation, this opening was further reduced as far 
as practicable by laying two cover slips on the cork. A special experi- 
ment showed that in 4J hours the float pulled down the unloaded beam by 
an amount corresponding to o-ii cm. scale movement because of evaporation. 
This rate of evaporation is so slow that its effect on tlic experiments was 
negligible. 
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Table II 

Load Gallbratioii of the Relaxation 
Apparatus 

Liquid — ^Water. 


CaU- 

Observed 

Calculated 

Volume 

IVviation 
oi Observed 

brating 

Volume 

Difference 

from 

Weight 

Difference 

Vr-V, 

Calculated 

P. (g.) 

Vr-V, 

(from 

Value of 

(cm.5) 

equation) 

(cm.3) 

la 

Loading 

0 

0 

U 

0-50 

2103 

24-68 

- 3-65 

1*20 

58* 13 

59-23 

- 1-10 

1-50 

73-36 

74-03 

-0-67 

2'00 

99-22 

98-72 

4 0*50 

2*10 

104-17 

103-65 

H'0-52 

2-20 

109-27 

108-59 

-fO -68 

2-30 

114-32 

113-53 

-I- 0-79 

2*40 

119-67 

118-46 

4 - 1*21 

Unloading — 

2-30 116-21 

113-53 

4 - 2-68 

2*20 

113-85 

108-59 

4-4-86 

2*10 

109-57 

103-65 

4-5-92 

200 

103-22 

98-72 

4-4-50 

1-00 

53-47 

49-36 

+4-11 

0 

0-47 

0 . 

1-0-47 . 


Table Ilia 



Load I Calibration of the Relaxation 
Apparatus 

Liquid — ^Normal Propyl Alcohol 




Calculated 

Deviation 

Cali- 

Observed 

Volume 

of Observed 

brating 

Volume 

Difference 

from 

Weight 

ihfference 

V 2 V, 

Calculated 

P. (K-) 

V, V, 

(from 

\ able of 

lrm.3) 

t nuatiun) 

V 2 -V, 


(vmfi) 

((m.Sj 

Unloading — 



1-10 

0 

0 

0 

1-08 

1-31 

1-231 

0-08 

1-06 

2-58 

2-463 

0-12 

1-04 

3-83 

3-694 

0-14 

1-02 

5-10 

4-926 

0-18 

1-00 

6-36 

6-158 

0-21 

Unloading — 



2-10 

0 

0 

U 

2-08 

1-37 

1-231 

0-14 

2-06 

2-68 

2-463 

0-22 

2-04 

3-95 

3-694 

0-26 

2-02 

5*21 

4-926 

0-29 

2-00 

6-47 

6-158 

0-31 

Unloading — 



3-10 

0 

0 

0 

3-08 

1*41 

1-231 

0-18 

3-06 

2-69 

2-463 

0-23 

3-04 

4-06 

3-694 

0*37 

3-02 

5-34 

4-926 

0-42 

3-00 

6*60 

6-158 

0-44 


Table III 

Load Calibration of the Relaxation 
Apparatus 

Liquid — Normal l*ropyl Alcohol 



(sp. gr. 

*=0-804^ 




Calculated 

Deviation 

Cali- 

Observed 

Volume 

of Observed 

brating 

Volume 

Difference 

from 

Weight 

Difference 

Vj-V, 

Calculated 

P7g) 

V 2 -V. 

(from 

Value of 


(cm.3) 

equation) 

Va-V, 



(cm.3) 

(cm.3) 

Loading 

i ““ 



0 

0 

0 

0 

1-0 

62-36 

61*58 

+0-78 

I-l 

68-62 

67-73 

+0-89 

1-2 

74-82 

73*89 

+0-93 

1-3 

81-03 

80-05 

■ 0-98 

1-4 

87-31 

86-21 

+ 1*10 

Unloading — 



1-3 

80-89 

80-05 

+0-84 

1 - 2 * 

74-65 

73*89 

+ 0-76 

M 

68-38 

67-73 

H 0-65 

1-0 

62-17 

61-58 

+0-59 

0 

-0*23 

0 

-0-23 

l.oading 

' — 



0 

0 

0 

0 

2-0 

124-8 

123-15 

+ 1-65 

2-1 

131-0 

129-31 

+ 1-69 

2-2 

137-3 

135-47 

+ 1-83 

2-3 

143-7 

141-63 

4 2-07 

2-4 

150*0 

147-78 

+ 2-22 

Unloading — 



2-3 

143-48 

141-63 

+ 1-85 

2-2 

137-19 

135-67 

+ 1-72 

2-1 

130-9 

129*31 

+ 1-59 

20 

124-64 

123-15 

+ 1-49 

0 

-0-84 

0 

-0-84 

Loading 

■ - 



0 

0 

0 

0 

3-0 

188-0 

184-73 

+ 3-27 

3-1 

194-3 

191-88 

+2-42 

3-2 

200-7 

197-04 

+3-66 

3-3 

206-9 

203-20 

+ 3-70 

34 

213-1 

209-36 

+ 3-74 

Unloading— 



3-3 

206-56 

203-20 

4 3-36 

3-2 

201-32 

197 04 

+4*28 

3-1 

194-0 

191-88 

+ 2-12 

3-0 

187-72 

184-73 

+ 2-99 

0 

-0-92 

0 

-0*92 
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11— THE PLOW AND RELAXATION OF RAYON FILAMENTS 

By Harold De Witt Smith, Ph.D., Ch.E., A.T.I., and R. Eisenschitz, Ph.D. 

(Koi.ser Wilhelm Institut fur hasjorstoffchciraie. fierlin-Dahlem) 

SITMMARY 

(1) This paper deals with the experimental investigation of rayon hlameute 
with respect to mechanical deformations includerl under the general term "elastic 
after-effect," 

(2) The rate of flow of rayon filaments under constant load and its relation to 
the temperature and to the degree of water absorption has been measured. 

(3) Filaments of viscose rayon were subjected to a pretreatment consisting of 
swelling in water and drying in air at a very small tension in order to remove 
bends and kinks and to equalise the internal stresses in the filament. 

(4) Flow and relaxation curves for viscose rayon filaments were obtained by 
means of an apparatus developed especially for the purpose from the suggestion 
of £. Schmid. 

(5) The course of the relaxation curve is approximately the same at various 
loads, i.e., the relative rate of relaxation is independent of the load and therefore 
of the cross section. This result agrees with Boltzmann's theory of after-effect. 
The flow cur\»es tleviate from the ^Itzmann theory in that the relative rate of 
flow is markedly dependent upon the load (apparently because of an alteration 
in the inner structure due to flow). The relationship between the flow curve and 
recovery curve of each individuad filament* is in agreement with the Boltzmann 
theory. The ^ter-effect behaviour of rayon up to the point where deviations, 
due to alteration of the inner structure, probably occur— is therefore explained 
by the Boltzmann theory. 

(6) The rate of flow increases rapidly with increasing temperature. The rate 
of flow is some thirty to fifty times as great for the wet material as for the dry. 
The distribution of the plastic inhomogeneity in the rayon structure (to whose 
presence the after-effects are ascribed) is apparentl>' unaffected by changes in 
temperature and in the degree of water absorption. 


INTRODUCTION 

Theories on Elastic After-effect Phenomena 

Maxwell^ discussed the case of an ideal substance in which the deforming 
force, the deformation, and the rate of deformation are in unequivocal 
relationship to one another. He makes the statement — 


dk 

'dt ""^di^ T 


(1) 


in which t ~ time. 

k = deforming force. 

I -- deformation. 

E — constant — the modulus of elasticity for the type of deforma- 
tion in question. 

T = constant — called the "time of relaxation.” 

For T — 00, equation (1) becomes Hooke's law: k = £•/. 


Integration of equation (i) for constant deformation (/ = constant) 
gives the equation of the "relaxation curve.” 

* 

k^ko'e r ^ (2) 

According to this equation, the tension in a defoimed body under a 
constant deformation decreases exponentially; after the time t it has dropped 
to the part of the initial tension. 
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Integration of equation (i) under constant tension (* = constant) 
gives the equation of the "flow curve" — 




(3) 


This equation indicates that under constant load the deformation proceeds 
at a constant rate which is proportional to the load. 

The experimental testing of Maxwell's relaxation equation by means of 
the torsional elasticity of glass filaments and silver wire was undertaken by 
F. Kohlrausch,* whose results did not agree with the theory. Wiechert,* 
therefore, expressed the supposition that the actual non-exponential relaxa- 
tion curve was to be explained by the superposition of a number of relaxation 
processes on one another, each of which followed the exponential law. The 
significance of this assumption will be discussed later. 

The second consequence of the Maxwell theory, namely, the constant 
rate of flow under constant load, has also failed of confirmation in experiments 
on filaments, wires, etc. It has been .sought to identify the proportionality 

factor “ which occurs in equation (3) with Poiseuille's coefficient of friction 
XLT 

for fluids, for in the case of ordinary fluids a constant rate ol flow under 
constant pressure is actually observed. It appears, however, that the 
analogy is a purely formal one which has no simple physical significance. 

The real substances so far investigated differ from the simple behaviour 
of an ideal elastic substance by reason of the appearance of elastic after- 
effects which manifest themselves as follows — ^The deformed body does not 
return instantly to its original form after the cessation of the action of the 
deforming force, but reaches it by means of a slow recovery from the 
originally imparted deformation. Boltzmann* explained this phenomena 
by means of the assumption that the stress acting in a body at the time t 
is determined not only by the deformation at the same time t, but also by 
the previous deformations where z is the past time and can have values 
between —00 and /. Boltzmann used the "after-effect function" q){t — z) 
in order to state the contribution, which is made by the deformations which 
have occurred in the past, to the deformation caused by the force acting 
at the time t The function ip{i — z) repre.sents the "recollective capacity" 
of the body for past deformations. 

For flow in the time between o and under the constant force k, 
Boltzmann derives the equation — 




I -f* 


^ 'vih- 


(4) 


in which F = a geometrically calculable form factor. 

^ r=r an empirical constant. 

For the recovery in the time from to he obtains the equation- 


(5) 


/(/) = g + <|— W ~ 

For relaxation one obtains from the Boltzmann theory the equation — 

= (6) 
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A comparison of equations (4) and (6) shows that the flow and relaxation 
curves must have the same form according to Boltaanann's theory. 

The integral in these three equations gives the sum of the effect of all 

g 

past deformations. For longitudinal deformations ^ e, the modulus 

r 

of elasticity (Young's Modulus). 

Of the deductions which serve to test the Boltzmann theory, the following 
two lend themselves to experimental investigation. (Becker® gives further 
possibilities of testing the Boltzmann theory.) 

In a scries of flow and recovery experiments under different loads, the 
rate of flow at the same time / should be proportional to the acting force 
(load), and the rate of recovery should be proportional to the deformation. 

Secondly, the after-effect fimctions calculated from the flow curve and 
from the relaxation curve should be identical. 

Boltzmann's theory has been confirmed on glass filaments and poly- 
ciystalline metal wires.* In these experiments it was found that for ^ > i 
the after-effect function <p{t — z) could be approximately represented by 


^fo 


z)dz by 


Int. 


Single crystals behave quite differently from the amorphous and poly- 
crystalline substances. Knowledge of their mechanical deformations has 
been essentially advanced by the experimental investigation of single metallic 
crysta^. It has been shown that the plastic deformation proceeds by means 
of slippage along crystallographically definable slip planes. The same 
mechan sm of deformation must ho assumed lor the single kcmcLs in a 
polycrystalline metal. 

Von Wartenburg® foimd no elastic after-effect in the case of single crystals. 
Even when the deformation is so great that the metal is permanently de- 
formed the new condition is very quickly reached. Von Wartenburg 
concluded, as a result of this observation, that the after-effect is caused by 
a "plastic inhomogeneity" such as that which occurs at tlie kernel boundaries 
of polycrystalline bodies and at the phase boundaries of polyphase amorphous 
bodies. After-effect is therefore impossible in a single phase homogeneous 
amorphous system. 

Following the investigations of Von Wartenburg, which developed for the 
first time a physical-chemical viewpoint in connection with the phenomena 
of resistance to deformation, R. Becker® developed the theory farther in 
the same direction. He endeavoured to establish a connection between 
part plastic, part elastic deformation and variations in thermal activity 
and, in the case of amorphous bodies, the resulting molecular exchange of 
places. In crystals the breakdown of elasticity is supposed to be caused 
by variations which affect a greater number of atoms simultaneously. 

In a second paper^ Bej^ker develops mathematically the Von Wartenburg 
thought on plastic inhomogeneity in order to explain the elastic after-effect. 
In amorphous substances Maxwell's equation (1) is assumed to hold for the 
small homogeneous particles. On the assumption that the relaxation time 
is comparable to the average period of rest of a molecule in a position of 
equilibrium (i.e. that the one can be set down as proportional to the other 



II—- TA^ Flow and Relaxation of Rayon Filaments — Smith and Eisenschitz T173 

with a proportionality factor which is not far from one), he arrives at a 
relation between the diffusion constant (D), the viscosity (ly), the modulus 
of shear (G), and the mean distance between molecules or molecular diameter 
(d) in the form — 


For a plastic inhomogeneous material he arrives at the Boltzmann theory. 
The course of the relaxation curve is to be considered according to a general- 
isation of Weichert's suggestion as the super position of a series of exponential 
curves. According to Becker, the Maxwell theory is not even applicable to 
the homogeneous particles in crystalline substances and corresponding 
deviations from the Boltzmann theory are therefore to be expected. 

According to Becker also the quantitative calculation of the after- 
effect function is dependent upon a knowledge of the distribution of the 
different degrees of plasticity among the homogeneous particles of the 
substance. It is not yet possible however to determine inversely the distri- 
bution from tlie experimentally determined after-effect function. 

A more extensive relationship between lesistance to deformation and 
colloid-chemical properities has been found by the investigation of sols and 
gels. It is weU known that for these substances or states the viscosity as 
measured by Poiseuille's method is not a material constant, being dependent 
upon the conditions of the experimental procedure. Neither Poiseuille's law 
nor Reynold’s law of d5mamical similarity is valid. The law of flow for these 
substances can, however, be referred back to the dependence of the fall in 
velocity upon the .sheaiing force (pressure)**. By the application of this 
relationship the dependence of the volume of flow upon the fall in pressure 
can be calculated from its dependence upon the diameter of the outflow tube 
and the way is thereby prepared for a generalisation of Reynold's law to 
include sols. 

The present investigation seeks on the othei hand to further test the 
various theories of elastic after-effect by the investigation oi flow and relaxa- 
tion, and on the other hand to add to the knowledge of the mechanical- 
physical behaviour of single filaments. 

Previous measurements on textile fibres 1 elate chiefly to stress-strain 
curves, of which those made by I. Karger and E. Schmid® on viscose rayon, 
cotton, wool, and natural (Tussah) silk at different degrees of swelling are 
especially interesting. The curves for each type of fibre show a character- 
istic form. In the case of viscose, swelling caused changes in the form of the 
curve as well as in the magnitude of the elongation or stram. The influence 
of the rate of extension on the form of the curve was slight for speeds varying 
within the ratio of 1:60. Speakman^® has also studied the effect of humidity 
and of temperature on the stress-strain relationship in wool and has discussed 
at some length in this and other papers” the after-effect phenpmena in 
this fibre. In one of these,^* he has measured the flow of wool fibres under 
constant stress by means of the h5q)erbolic weight method of Andrade. 

Peirce'® measured the after-effect in cotton yarn by a torsional method 
similar to that employed by Kohlrausch. Mann and Peirce'* have studied 
the relationship between the time required to break a cotton hair and the 
breaking load. Assuming that the extension at break is constant regardless 
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of the rate of loading (as their measurements indicate) they point out that 
this relationship represents the relaxation curve for the fibre which is held 
at a constant extension just below its extension at break. In a later paper 
Peirce^®, in a general discussion of elastic after-effects, gives a similar curve 
for a viscose filament. 

Weltzien'* has made an investigation of the relationship between mechan- 
ical properties of rayon and degree of swelling. His results, in so far as they 
are important to the present work, are reported in the section on “pretreat- 
inent of the filament^.'* 



Fig I 

Cross S<‘ctions of Commercial Viscose Rayon. 


EXPERIMENTAL PART 

Material 

The majority of the experiments were made on single filaments from 
two different viscose rayon samples. The first was a skein of commercial 
viscose rayon composed of 21 filaments, with a nominal denier of 150 and a 
twist of turns per inch. This sample is hereafter referred to as “commer- 
cial viscose rayon.“ The second was a skein of viscose rayon which was 
especiaDy produced through the courtesy of the Glanzstoff plant in order to 
provide as circular a cross section as possible. The yam was composed of 24 
filaments. This sample is hereafter called “Glanzstoff viscose rayon." 
The single filaments were carefully separated by means of a needle after 
untwisting a length of approximately 25 cm. of yam. * 

In addition to these materials, single experiments were also made on a 
cellulose acetate filament produced in the laboratory, and on a filament of 
natural silk from a boil6d-K>ff cocoon of Bombyx mori. 
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It is difficult to establish a well defined initial condition of the filaments. 
In the first place the cross section is not circular nor is it uniform along the 
filament; secondly, the curliness and bends, caused during the manufacture 
and subsequent handling of the filaments, add difficulties to the detennination 
of stress-strain relationships. A third factor which is also due to the past 
history of the sample is the presence of internal strains which may be irregu- 
larly distributed along the filament. 
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Fig. 2 

Cross Sections of Glanzstoff Viscose Itayon 


Determination of Gross Sectional Area 

Other workers investigating the stress-strain relationship of single 
filaments of rayon*’^^ have applied a mean value for the area of the filament 
cross section to each single filament tested. 

An investigation of the sliape of the cross sections of both commercial 
viscose (Fig i) and Glanzstoff viscose (Fig. 2) filaments showed that they were 
not circular and that no reliable relationship between cross sectional area and 
length of fibre axes (or axis ratio) existed in either case. Hence it was 
impossible to estimate accurately the sectional area from simple lateral 
measurements with an ocular micrometer of the width and thickness of the 
filaments. This left open the alternatives of cutting and measuring sections 
from each individual filament tested or of applying a mean value to all tests, 
of which the latter was chosen after the following measurements had been 
made. 
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Table I summarises the results of measurements on the commercial viscose 
sample. 

Table 1 



Sectional area in 

Sectional area calculated 


room atmosphere 

to dry condition 



' (Ai*) 

Calculated from weight of 1 meter — 


At 50% Rel. Hum. 

507 

470 (based on 2% i^rinkage length- 
wise and 9% moisture regain 
at 50% R. H.). 

At 57% Kel Hum, 

Measurement of 20 individual 
sections — 

527 

473 (based on 2% shrinkage length- 
wise and 12% moisture regain 
at 67% R. H.). 

Smallest 

472 


Largest 

674 

507 (based on 5% contraction in 
area of section upon dr 3 ring). 

Mean 

534 

Examination of sections 

of 17 individual filaments of the Glanzstoff 


viscose sample revealed a more circular form but still greater variation in 
area, namely, from 385/1^ to 632^*. Lateral measurements of the axis 
ratio of each filament actually used for test revealed that the ratio in each 
case corresponded approximately to those of section ii, 15, 16 and 17, 
whose average area is 556/1* in the room atmosphere or 528/1* calculated to 
the dry condition. 

Because of this considerable variation displayed by both the commercial 
and the Glanzstoff samples, a rounded value of 500 /i* was used for each in 
calculating stresses. 

The cross sections of the cellulose acetate and the natural silk filaments 
were approximately circular and were therefore calculated from the mean of 
15 to 20 lateral measurements of the diameter. The mean area of the cellulose 
acetate filament was 675/1* and for the natural silk filament io6/t*. 

Pretreatment of the Filaments 

In order to produce a definite initial condition it is necessary to place 
the filament under such a load that the flexure elasticity of the curliness 
and the bends along its length are overcome without actually stretching it. 
Such an ideal condition can only be approximated because the two effects 
actually overlap. 

The first essential is to select the filaments for straightness. In order to 
straighten the filament and release or equalise inner strains, these are then 
subjected to a swelling in water under a very small load and subsequent 
drying. This procedure is based in part on the observations of Weltzien^*, who 
found that the changes in length of viscose yams, imdcr very light load upon 
swelling in water and redrying, are fully reversible. A yam on the other 
hand which has suffered a permanent change in length of one per cent by 
reason of previous extension, does not increase in length as much as an 
unstretched yam upon swelling; upon redrying it shortens more than the 
unstretched yam and rQcovers thereby a portion if its previous "permanent*' 
stretch, but this new dry length is thereafter retained at the end of every 
subsequent cycle of swelling and drying. These observations indicate that 
the inner strains wliich are present in the material, due to previous stresses, 
may be at least partly equalised or removed by sweUing in water. In order to 
remove the curliness at the same time the filament must be imder a very 
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small load during the swelling and drying process. Finally the application 
of an initial load to the air dry filament during the mounting operation and 
at the start of the experiment increases the uniformity of the initial or “zero” 
condition of the filament. This load is imobjectionablc smce the resulting 
stress is below the limit of observation. 

In the experiments on the Polanyi apparatus the filaments were not pre- 
treated. The procedure for filaments tested on the relaxation apparatus was as 
follows— The filament, loaded with a minute droplet of pitch on its lower end, 
IS lowered into a tall cylinder of distilled water for a few minutes, (experiments 
by Obermiller^^ have shown that viscose filaments are fully saturated within 
one minute after immersion) slowly withdrawn and allowed to hang in the 
air until air-dry. The filament is then laid on a smooth and preferably dark 
surface and the pitch droplet replaced by the tiny length of wire which servos 
as the initial load as mentioned above The magnitude of this initial load 
was so chosen as to produce a tension of approximately o-i kg/mm* in the 
filament. For both viscose samples and for the acetate filament a weight of 
50 mgms. was used; for natural silk 10 mgms. The entire operation of 
mounting the filament is so conducted that this tension is not exceeded and 
the initial length of the filament is measured under it. 

Table II 

Effect of Pretreatment of Filament on the Stress Measurements 


Commercial Viscose 

Rayon — Dr\ 

(tLANZSIOFF V'iscosl 

Rayon -Dry 


('ONDITION 



CoNuirioN 


l^ad 

% Strain per grm 

Experiment 

Load 

^*0 Stiain per gini 

ICxpeiiment 

(gnn) 

of load 

No 

(srm) 

of load 

No 

Without pretreatment 


Alter-pietrcatment - 

61 

1-00 

0-253 

13 

0-95 

0-213 

1*61 

0-323 

28 

0-95 

0-201 

62 

3*97 

0-207 

14 

1-03 

0-194 

56 

After pretiealmenl — 

1 .07 

51 

1- 83 

2- 09 

0-168 

0-183 

64 

52 

1-09 

0-248 

50 

3-12 

0-198 

57 

2*00 

0-185 

47a 

3-20 

0-175 

58 

210 

0-181 

47 




211 

0-171 

43 




307 

0167 

53 




312 

0-175 

48 




3*20 

0-173 

49 





Table II gives a number of stress measurements made on treated and 
untreated filaments An approximate determination of the modulus of 
elasticity may be obtained by determining the extension as soon as possible 
after loading the specimen, as was done in obtaining these figures, which arc* 
also recorded graphically in Figs. 3 and 4 (curve i). Fig. 4 shows that for 
the Glanzstoff filaments, after pretreatment, the strain is proportional to the 
load, although the straight line does not intersect the axes exactly at the 
zero point. It is probable that some curliness is still pre.sent in the pretreated 
filament, amounting to about 0*03% of the length. 

Due perhaps to irregularity in its cross section, the curve of the commercial 
viscose rayon is not straight. The spread of determinations is nevertheless 
smaller than in the case of the untreated filaments. In spite of the slight 
residual curliness the pretreatment was not made more severe in order to 
avoid danger of altering the properties of the material. 
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Experimental Technique 

The first group of flow experiments of the commercial rayon sample were 
made on an improved model of the Polanyi tester, the second group of flow 
and relaxation experiments were made on apparatus developed expiessly 
for the purposes of this work. These have both been described in a 
previous paper, which describes also the preparation of the dry air and the 
methods of controlling the atmosphere, or medium surrounding the filament, 
and the temperature. 

On the Polanyi apparatas the filament was moimted and conditioned 
slack. In order to prevent cutting at the jaws it was laid in a fold of a small 
strip of paper thinly coated with pitch and this was clamped between the 
jaws. After (hying the specimen in the diy' air stream for several hours, 
preferably overnight, the initial length was determined by lowering the 
micrometer screw by means of the calibrated wheel until the first per- 
ceptible deflection of the spring was observed in the telescope. 

The flow experiment was then conducted as described in the previous 
paper, two observers being necessary — one to foad the filament and then 
maintain the load at a constant value b3^ continuous observation of the 
telescope reading and corresponding manipulation of the calibrated wheel; 
the other to observe and record the readings of this wheel and of the time. 
After the first few minutes the decreasing rate of flow made it possible for 
the first observer to continue the experiment alone, observing and recording 
all data. 

On the relaxation apparatus the filament was mounted under an initial 
load which produced a tension of about 0*1 kg/mm* as noted above. Because 
of the limited permissible swing of the balance beam the mounting operation 
was so conducted as to accurately control the initial length of the specimen 
as well as to limit the tension in the filament, during the operation of mount- 
ing, to that produced by the initial load. ITiis was accomplished by balancing 
the win* weight hanging on the lower end of the filament by an equal weight 
placed on the right end of the beam. At the conclusion of the mounting 
operation the balance beam was lowered to rest, in which position the 
specimen was quite slack during the drying period. 

Procedure for a Flow Experiment on Relaxation Apparatus 

Before mounting the specimen the balance beam, inclusive of clamp 
{a), must be brought into equilibrium (by regulating the running weights on 
the beam ends) with the pointer on zero (middle line) of its scale. The tele- 
scope reading for this position is recorded as “zero reading “ It corresponds 
to a length of specimen of 145 mm. 

After the specimen has been mounted and sufficiently dried by the dry air 
stream, the balance is again released and the telescope reading recorded as 
the “diy unloaded” reading (specimen is under the initial load due to the 
wire weight which is still on the right hand end of tlie beam) . From f his reading 
the dry initial length of the specimen is calculated. The initial weight is left 
on the beam during the entire exp>eriment and simply added to the applied load. 

The desired weight is placed on the floating dish and ('onnected loosely 
to the h(x>k (p) by means of its silk filament. 

One observer is sufficient. Alcxihol is let out of (0) rapidly until the weight 
hangs free on the beam hook. The instant at which it hangs free is zero time. 
The observer makes observations of the telescope scale reading against time as 
often as practicable at first, later at increasing intervals. From these readings 
the changes in length are calculated and plotted against the time. 
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Procedure for a Relaxation Experiment 

The "zero" and "dry" readings are made as described under "flow 
experiments." 

The initial weight is then carefully removed from the right end of the 
beam (this may best be accomplished by seizing a short length silk filament 
previously tied to the weight, thus avoiding the transference of shock to the 
beam through rigid forceps). Alcohol is then run slowly out of (o) until the 
pull of the float brings the beam back to the "dr\^ unloaded" telescope scale 
reading. 

A tared beaker is placed on one pan of the balance below the outlet tube 
(v), and on the other pan weights equal to the weight of alcohol which must 
flow out of (o) in order to produce the desired load on the specimen. 

Two observers are necessary. One notes the burette reading before the 
start of the experiment, allows alcohol to flow quickly from (v) into the tared 
beaker until the balance justs tips, closes (v) carefully but quickly and then 
reads the burette and notes these readings and the time at intervals as directed 
by the second observer. The second observer reads the telescope and the 
time. The first telescope scale reading under load is held as constant as 
possible during the entire experiment by allowing alcohol to flow into (o) 
from the burette (r). Since it is impossible to avoid a slight variation in the 
telescope reading (amounting to about 0-03 cm.), the readings of the burette 
by the first observer and of the time by the second are best made at the 
command of the second at the moments when the telescope reading has been 
brought back to the correct point. The first readings should follow one 
another as rapidly as possible, later as the process slows down, the intervals 
between readings may be correspondingly lengthened. 

The telescope reading must also be recorded as it is essential for the calcu- 
lation of the loaded specimen length. 

In the experiments up to No. 56 the moment of closing the outflow tube 
(v) was taken as zero time. In later experiments zero time was the time of 
the first loaded reading. 


RESULTS 

Experiments on the ECTect of Swelling and of Temperature on the Rate of Piow 

Table III provides a sununary Of the conditions under which the several 
experiments in this group were made. 

In all these experiments every effort was made to obtain the first part of 
the curve from the earliest possible moment after loading, since it is to be 
expected that the simplest relationship will be found there. For this reason 
the filaments were not pretreated and were mounted mider no initial load, in 
spite of the fact that this reduced the accuracy of the determinations because 
of the possible errors due to internal strains and to the curliness in the filament 
which interferes with the exact determination of the absolute extension. 
Only that portion of thC flow curve after the attainment of the full load was 
recorded. ♦ 

For the observation of the effect of swelling on flow, experiments 13, 14, 
18, 28, and 40 were made on carefully dried filaments, experiments 15, 25, and 
27 in water, and 24 and 26 in glycerine. 
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Table III 

Gonditiona of the Experiments on the Influence of Swelling and Temperature 

on the Rate of Flow 


Material — Commercial Viscose Rayon. Apparatus — Pc.lanyi Tester. 




Medium in which 

Temperature 

Load 

Duration of 

Kxp. 

No. 

filament was tested 


gms. 

Experiment 

18 


Dr>’ air 

... Koom temp. 

... 0-24 ... 

3J minutes 

13 



19 

... 100 ... 

13 

28 



22 

... 1-61 ... 

21 

40 


It * * • • • 

20 

... 2*01 ... 

22 

14 


,1 • . . • • • 

20 

... 3-97 ... 

3 hours 

23 


Water 

... Room temp. 

... 0-30 ... 

25 minutes 

27 


,, • • • • • ■ 

22 

... 0-35 ... 

2 

15 


,, • • • . • . 

18 

. . 100 ... 

2 h(m: s 

28 


(xlycenne 

... Room temp. 

... 0-31 ... 

2) minutes 

24 


• • • • • • 

18 

. . 0-36 ... 

32 

43 


Dry air 

114 

... 1-98 ... 

14 

42 


-75 . 

... 1-98 ... 

24 

41 


,, 

- 180 

... L98 ... 

21 .. 


In experiments 13. 14, .nul 15, the length tested was 25 mm ; in the remainder it was 
approximate!)’ 100 mm 



Fig 5 
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Table IV 

Summary of the Ck>nditloii8 under which tbe Flow Experiments on the 
Relaxation Apparatus were made 


Medium in Duration Duration 


Exp. 


which filament Tempera- 

Load 

of flow 

of recovery 

No. 

Mat<‘rial 

was tested ture ® C. 

grms. 

obser- 

obser- Remarks 





vations 

vations 

47a 

Commercial 

viscose 

Dry air 20° 

200 

25 min. 

Comparable to Exp. 40 
on Polanyi apparatus 

61 

Glanzstoff 

Koom temp 

. 0-95 

65 .. 

3*4 hrs. 


viscose 





62 


.r 

095 

65 „ 

5*0 „ 

56 


to 

o 

106 

31 „ 

3*6 ,. 

63 


,, Hoorn temp 

1*86 

63 .. 

18-0 





60 .. 

16 min. •second cycle following 
directly upon first. 





60 ., 

.3*0 hrs Third cycle after repeat- 
ing the pretreatroent 
of the filament (swell- 
ing and drying at the 
ronclusioii of the 
second cyile) 

64 

„ 


1-86 

58 „ 

3-8 hrs. 





32 „ 

Second cycle following 
directly upon first 





60 ,. 

3 hrs Third cycle after repeal- 
ing the swelling and 
drying pretreatnicnt 
at the close of the 
second cycle 

59 


In air of 28% 21° 

RH. 

105 

11 .. 

- 


The clifforenco In'twccn those flow experiments and those i[)erformed on the 
Polanyi apparatus consists essentially in the reduction of the sources of error 
due to the Polanyi apparatus. The fluctuation in load which is unavoidable 
in that apparatus is entirely absent hen\ as are also the errors due to friction 
and oscillation of the flat spring. The duration of the loading operation is 
intie])endent of tlu* load and can be reduced to a fraction of a second. Never- 
theless an interval of several seconds elapses before the first reading can be 
taken because of the elastic oscillations of the si)ecimen and beam. By means 
of the previously described oil damping, the time to the first reading was 
reduced to ii seconds. 

The errors due to the undefined condition of the specimen itself, although 
not entirely eliminated, are greatly reduced by the pretreatment to which each 
of the filaments was subjected. The uncertainty due to variations in cross 
section from filament to filament and within one filament remains. 

•This experiment consists of three flow and two recovery curves, whose forms agrw* 
satisfactorily with the parallel experiment 64. Neverthek'ss, for some unexplained 
reason, the absolute strain as shown m the first and second cycles is about 50®'o greater 
than that of the third cycle, as well as that of the parallel experiment, and does not 
check with other strain determinations. As it seems ver\’ probable that this is due 
to an error in the reading of the initial length, this experiment has been evaluated by 
assuming that the strain at the first point is the same as the corresponding strain in the 
parallel experiment. 
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Compaurison of the experiment 47a with experiment 40, which was made 
on the Polanyi apparatus (Fig. 5) , shows as good agreement as may be expected 
in view of the difference in pretreatment. 



Experiments 56, 61, 62, 63, and 64 are plotted in Fig. 8 with the strain per. 
gram load as ordinate and the logarithm of the time as abscissa. Comparison 
of the experiments at ig. and 2 g load seems to show a syslematic deviation, 
in that the rate of flow per gram is greater at a 2 giam load than at a 
I gram load. It cannot be determined with certainty just where the curves 
at I gram and 2 grams intersect because of the spread of the initial stresses. 


ELONGATION Vo ELONGATION Vo ELONGATION Vo ELONGATION ifc 
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EFFECT or EXTENSION AND OF PRE -TREATMENT ON THE COURSE 
OF THE FLOW AND RECOVER/ CURVES, 

FIRST FLOW OR RECOVERY. 




Fig. xo 
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In experiments 6i, 62, 56, 63, and 64, after approximately one hour flow 
(one half hour in No. 56) the filament was quickly unloaded to the initial load 
and the recovery observed for several hours. In experiment 56 the filament 
Mdiich had flowed for one half hour at a load of approximately 21 kg. per 
sq. mm. recovered its original length at the end of three and a half hours. 

Fig. 9 shows the recovery curves with the strain per gram load plotted 
against the logarithm of the time. The curves display a decided spread in 
the absolute values of the length, but the curves made at two grams load run 
nearly parallel. Two of the curves made at one gram load are also approx- 
imately parallel with curves made at two grams while the third one gram 
curve is flatter. In the last section a test of the interrelations of these flow 
and recovery curves, according to Boltzmann's theory, is given. 

The relatively large variations in all these experimental results are presum- 
ably due in part to tlie variation in the cross sectional area of the filaments 
and in part to the indefiniteness of the initial condition which exists to some 
extent in spite of the pretreatment. 

In order to further investigate this point, the filaments in experiments 56, 
63, and 64 were subjected to a second cycle following upon the first and 
consisting also of rapid loading to the load attained in the first cycle, flow, 
unloading to the initial load and recovery. In all three experiments, the 
second flow curve is less steep than the first, i.e., the mechanical properties 
of the filament have been altered by even the small strain here applied. In 
order to test whether this alteration could be eliminated by the pretreatment 
as here used, the filaments in experiments 63 and 64 were carefully removed 
from the apparatus and again subjected to the pretreatment, i e., immersed 
in water, dried in air and then remounted and again dried out thoroughly in 
the dry air stream. A third flow curve made at the same load as before 
following this treatment lies, in each experiment, between the first and the 
second (Fig. 10), showing that the original condition of the filament was only 
partially regenerated by this treatment. 

This result is analogous to that of Weltzien on filaments which had been 
permanently stretched. It indicates that by means of the applied pretreat- 
ment mechanical variations in the filament, due to previous stresses, are 
at least partially released and equalised. It is evident, however, that the 
treatment was not drastic enough to fully eliminate the differences. Al- 
though this uncertainty in the initial condition is unquestionably a cause of 
the spread of the experimental results, a more drastic pretreatment was. 
avoided in order to prevent the alteration of the material before testing. 

Apart from the difference in the stretch, experiment 63 shows that the 
second recovery curve is flatter than the first in its later portion (Fig. 10), 
i.e. the alteration in the mechanical properties is apparent here also. The 
third recovery curve (after repeating the pretreatment) lies nearer to the first 
but is noticeably flatter. 

Experiment 59, which was made in air of 38% relative humidity, shows 
at each point along its entire length (ii minutes) a rate of flow which is 
approximately four times as great as that of the dry material (Fig.ii). 
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Fig II 




TIME (sec) after COMMENCING TO LOAD. 

Fig 12 
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Relaxation Experiments — The following table summarises the conditions 
under which the relaxation experiments were made — 

Table V 


Summary of Conditions under which Relaxation Experiments were made 


Medium in 

Exp. which filament Tempera- 

Starting 

load 

Duration 
of expen- 


No. Material was tested 

ture ® C. 

grms. 

ment 

Remarks 

51 Commercial Dry air 

21 

1*07 

13 mins. 


viscose rayon 

50 ,, ,, ,, 

19 

1*09 

14*3 


46 

19 

211 

8 


47 

19 

210 

14-6 


53 1 , 1 , 

23 

3*07 

16-3 


48 ,, ,, 

21 

312 

10*7 


49 

22 

3-20 

12-3 


52 Glanzstoff 

23 

2-09 

10-4 


viscose rayon 

57 

20 

3*12 

50 


58 

20 

3-20 

64 

Tins fibre, after pre- 
treatment and 

mounting in the ap- 
paratus, was ex- 
tended a few times to 
6% m the atmosphere 
of the room, then 
released and dried, 
and tested in the 
usual manner 

60 „ Air of 38% 

22 

1-08 

40 „ 

rcl. hum 

54 Cellulose ... Dry air 

.. 21 

206 

12 


acetate fil. 

55 Natural silk fil. „ 

..Room temp. 

1-03 

11-4 „ 



All relaxation curves are so plotted that the ordinates are the momentary 
load divided by the starting load, i.e. the load at any instant expressed as 
a decimal of the starting load. The abscissae are the log. of the time. 

Figs. 12 and 13 represent the relaxation curves at different loads. It 
is evident from the grouping of the curves in Figs. 12 and 13 that the relaxa- 
tion is largely independent of the load. In order to decide how exactly this 
condition is fulfilled, an examination of the possible sources of error is 
necessary. 

The grouping of the curves indicates that the influence of variations in 
cross section, which is a cause of much uncertainty in flow measurements, 
is of minor importance here. Although places of different cross section along 
the filament are imder different absolute stress, they must relax at about the 
same rate. The variation in the time interval from the beginning of the 
application of the load to the first reading is a source of error whose influence 
is difficult to estimate. During this time the filament flows, at first under 
a small load, later under the full load. In the experiments made with 
I gram starting load (Nos. 50 and 51), the course of the curves is different 
in spite of approximately equal elapsed times up to the first reading. This 
discrepancy is possibly due to differences in the initial condition of the 
material. The curves of the commercial viscose rayon in Fig. 12 give the 
impression that the relative rate of relaxation tends to increase slightly with 
increasing starting load; the curves for Glanzstoff rayon, in Fig. 13, show 
the opposite trend. It is most probable that these apparent trends are due 
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>1 


time (sec) after commencing to load. 

Fig 13 
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to the inevitable scattering of results, and that the course of the curve is 
independent of the starting load. 



TIME (sec) AFTER COMMENCING TO LOAD 

Fig 14 


In Fig. 14 the mean curves for the commercial viscose and for the Glanz- 
stolf samjiles are plotted, together with the single curves obtained from a 
cellulose acetate filament and from real silk. The approximate parallelism 
of the four curves is conspicuous. 

Experiment 60, which was made in air of 38% relative humidity at 22® C , 
shows on the average a relative relaxation at all points between 50 and t,ooo 
seconds of about 1*3 times that of the dry filament (Fig. 15). 

According to this exi^eriment and experiment 59, which was made at 
approximately the same humidity, the flow is affected more strongly than 
the relaxation by swelling (four times for flow as against 1-3 times for relaxa- 
tion) although the nature of the effect is the same in both cases, i.e. the differ- 
ence is simply quantitative in reference to the velocity of the phenomena 
without producing any marked change in the form of the curve. 
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Fig 15 

Discussion of the Results 

The outstanding result of the relaxation experiments is the great pro- 
bability that the relative rate of relaxation is independent of the initial 
load. This relation is in accord with the Maxwell theory and makes it 
probable that the Maxwell relaxation equation holds true for the small 
plastic homogeneous regions. The form of the relaxation curves is not in 
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agreement with the Maxwell theory. In comparing the eiqperimental results 
with the inferences from the Boltzmann theory, the following criteria exist — 

(a) The relaxation should be proportional to the extension (equation 6). 

(d) The flow should be proportional to the load (equation 4). 

(c) The recovery should, in the first portion of the curve, be pro- 
portional to the load (equation 5). 

(d) The after-effect function, calculated from the relaxation curve, 
should determine the shape of the flow and recovery curves: that is, the 
proportionality factor fi in equations 4, 5, and 6, should have the same 
value. 


The relaxation curves satisfy the first requirement, since, as already 
deduced, the rate of relaxation is proportional to the initial load, and this in 
turn is approximately proportional to the extension. 

On the other hand, the course of the flow curves is not in agreement with 
the second requirement, since the rate of flow increases faster than the initial 
extension or load, as shown by the curves at one and two grams load in 
Fig. 8. The rate of flow under two grams load for the whole period of ob- 
servation is more than double that under one gram, although the starting 
point of the former is lower, due to the variation of the initial extension. 
It should be noted that in spite of the uncertainty of the initial condition of 
the filament and the variation in cross section, this effect appears to be real. 
It is not in accord with the Boltzmann theory, not even for any possible 
after-effect function which may fit the latter. 

The recovery curves run (within the limit of experimental error) approxi- 
mately proportional to the initial load, in agreement with the third require- 
ment. 

Since the Boltzmaim theory does not hold for the flow curves, a conversion 
of the flow, relaxation, and recovery curves into one another according to 
criterion (d) cannot lead to exact results. In the previous investigations of 
the elastic after-effect which have been discussed in the introduction, experi- 
ence has shown that in those instances where the Boltzmann theory liolds, 
a logarithmic course of the curve is to be expected, at least approximately, 
thus — 

^(t — z)dz = In t (for ^ > 1). 



In the present experiments this relation is in fact also approximately 
fulfilled for the early part of the curves. A systematic deviation appears 
later, i.e. the rate of flow increases more rapidly than the logarithmic 
function. No more accurate expression for the after-effect function was 
sought since the Boltzmann theory does not fit perfectly here. 

This theory may be'testcd dy comparison of the flow curves with the relaxa- 
tion and recovery curves. Since the flow curves satisfy tlie logarithjnic law 
in their first portion (between 30 and 100 sec.), the others should also. 
Figs. 8, 9, and 13 show that the unloading and relaxation curves do, in fact, 
confirm this prediction, that is, equations 4, 5, and 6 pass over into the 
following fonns (in which common logarithms are used instead of the natural). 



i I -^The Flow and Felaxatioti of Rayon Filaments — Smith and Etsenschitz T195 

Flow = - (I + log. f) {4a) 

£ 

Recovery /(<) =*^log. 1— ( 5 a) 

Relaxation k(t) = el{i — /? log. /) (6a) 

An estinuUton of the after-effect constant is difficult because of the fact 
that the modulus of elasticity, i.e. the initial extension in the flow curves, 
is unknown. Similarly in the relaxation curves, the load which would 
produce an elastic extension equal to the constant extension held throughout 
the experiment, is unknown, since the filament has flowed slightly before the 
first reading. It is therefore necessary to apply the equations for flc'w, 
recovery, and relaxation to a difference in the conditions l^tween the tinier 
and thus- 


Relaxation difterence 



Flow difference 

- f, ,o«. ‘± 

(13) 

Recovery difference 

--p- 

( m ) 


Thc actual starting load applied is substituted for el in the relaxation 

k 

curve; the extension at the first reading, tor- in the flow and contraction 

('urves. The relative error in p is then equal to the relative error in the 
modulus of elasticity. 

By substituting the value for /5 thus obtained, in equations (4a), (5a), 
and (6a), a correction for k^i or is obtained by means of which a more 
correct value for the modulus of elasticity may be reached. By this means 
the value of p is made correct to within a few pei c(»nt 

The values of p are arranged in Table VI. 


Table VI 


T.oa(l 

Flow ('u^^e 

Recovery C urve 

Experiment No 

0*95 grams 

0*064 

0*060 

61 

0-95 

0*047 


62 

1*06 

0*044 

0*053 

56 

1*86 

0’()98 

0*111 

64 

Starting I-oad 

Relaxation Curve 

I'vpcrimrnt 

2*09 grams 


0*087 

52 

3-12 


0*100 

57 

3-20 . 


0*091 

58 


For the flow curves alone p appears to be dependent upon the load, as was 
indicated by the curves themselves (Fig. 8). I'he /? values in the recovery 
curves show the same trend as the p values in the flow curves. This is 
another indication that the spread observed in the various experiments is 
essentially due to the material itself. 

For the individual experiments, therefore, the Boltzmann theory provides 
a conversion of the flow and relaxation curves into one another. 
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The p value calculated from the relaxation curves made imder 2 and 
3 grams starting loads is in approximate agreement with that calculated 
from the flow curves under 2 grams. 

The points in Fig. 4 can now be corrected as indicated by the crosses 
(Curve II). The modulus of elasticity is only slightly altered, the corrected 
curve is also a straight line. 

To summarize the discussion of the experimental results, it may be stated 
that the Boltzmann after-effect theory provides a useful approximation to 
the actual behaviour of rayon. 

Although it is worthy of note that the deviations from the theory are 
more marked in the flow curves than in the relaxation curves, it is possible 
that a further investigation of the relaxation phenomena might also show 
an alteration in the mechanical properties. 

The influence of temperature and of degree of swelling on the flow is such 
that the general form of the curve remains the same; only the rate of change is 
altered. This means that Becker’s function for the distribution of plasticity 
is approximately independent of temperature and degree of swelling. In 
this respect the flow curves differ markedly from stress-strain curves of 
viscose* whose course is qualitatively as well as quantitatively altered by 
swelling. The reason for this independence of the plastic homogeneity of 
swelling and temperature is not clear, since a change in the distribution of 
plasticity, due to these influences, might more reasonably be expected. 
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12— A STUDY OF COMPARATIVE RESULTS FOR 
LEA, SINGLE THREAD, AND BALLISTIC TESTS ON YARNS 
FROM STANDARD INDIAN COTTONS 
By A. James Turner, M.A., D.Sc., and V. Venkataraman, M.A. 

(Indian Central Cotton Committee Technological Laboratory, Matunga, Bombay) 

SUMMARY 

It is pointed out that while the lea test suffers from the disadvantages that in 
practice yam is seldom treated in lea or hank form, and that the test-results arc 
dilficult to interpret, it has three great advantages in (i) being popular, (2) in- 
volving a comparatively small sampling error, and (3) providing the specimens 
required for the determination of counts. The single-thread test suffers from 
none of the objections to the lea test, and, moreover, it yields a result for the 
extension of the yam; but, as ordinarily carried out, it involves a much greater 
sampling error. The advantages claimed for the recently developed ballistic 
test are aLso examined, reference being made more particularly to the work of 
Lester, and Midgley and Peirce. In the comparison of the lea and single-thread 
tests reference is made to the work of Bowman, G^gauft, Corser and Turner, 
G. R. Smith, and W. J. Hall. 

The testing of the standard Indian cottons has provided an opportunity of 
comparing the three methods of testing on an extensive scale. Results are avail- 
able for 22 cottons of jg2(>~2y, T027-28, 1928-29, and 1929-30. The total number 
ot tests made was 20,700 for lea strength and counts, 20,700 for ballistic work and 
counts, and 82,800 for single thread strength and counts. The ballistic tests have 
been made in two series, one with the ends of the lea free to move round the fixing 
rods, and the other with the ends fixed. 

The re.sults for the various tests are discussed in the form of their ratios to one 
another. The ratio of lea count-strength product to ballistic count-work product 
varied from 0-32 for 6/io’s to 0-51 for 20/40's when the lea ends were free to move; 
and from 0-41 for 6/io’s to 0*63 for 20/40's when the ends were fixed. These 
differences for various counts are due chiefly to differences in yam-extension, 
although the degree of the twist also appears to be a factor of importance. The 
higher counts give slightly lower values for the ratio of lea count-strength product 
to single-thread count-sliength product, but no general rule is deduciblc. The 
ratio of the single-thread count-work product to the ballistic count-work product 
IS also variable but is distinctly higher when the lea ends are fixed in the ballistic 
tests, under which conditions it ranges from 0*87 for 6/10's to 0*79 for 20/40's. 
The irregularity of the results is decidedly less for the ballistic test than for the 
lea test, but much greater for both than for the single-thread test, when due 
allowance is made for the difference in the numbers of threads tested; the greater 
regularity of the results obtained by the ballistic test is somewhat discounted by 
the fact that they are much more affected by changes of humidity. 

The three methods of testing are also compared by placing the .staple cottons 
of each season in their order of rank according to each test. It is found that all 
the tests agree fairly well together, but whereas the differences between the lea 
strength and single thread strength results are negligible, the differences between 
the ballistic strength results and those of the other tests are more serious. 

The conclusion is finally reached that though there is not sufficient evidence 
available at present to justify a recommendation that the lea test should be dis- 
carded in favour of the ballistic test, yet the latter is a good test of yam and 
worthy ot a much more extended examination. 

I^INTRODUCTION 

The lea test has recently been subjected to a great deal of criticism. 
There is in fact no denying that it suffers from a number of defects. There 
are two chief objections to it; first, that in practice yam is scarcely ever 
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treated in the form of a lea or hank, the only noteworthy exceptions being 
hank sizing, hank bleaching, hank mercerising, and hank dyeing. In other 
practical operations— winding, warping, beaming, slasher sizing, and weav- 
kig — the jrams are so stressed and strained that the breakage of a single 
thread leaves the other threads practically unaffected. But in the lea test 
one continuous length of yam is being tested and the breakage of a single 
thread affects the portions of yam near the place of breaking, so that when the 
lea is broken in only a few places it cannot withstand any further increase of 
load. Hence the lea strength test caimot be a complete guide to the be- 
haviour of the yam in the practical processes. The second objection to the 
test is the difficulty of interpreting the results when obtained; although the 
lea test is commonly regarded as a strength test, pure and simple, the results 
of which provide a measure of the quality of the yam, yet they also depend 
upon the extensibility and the surface friction of the yam. 

The two disadvantages of the lea test may be offset by its three great 
advantages, viz. (i) its universal popularity; (2) the comparatively small 
sampling error which its use involves; and (3) the coimts are readily deter- 
mined on the same test-specimens. The lea test is practically the only test 
for strength used in mills. Its popularity may be accounted for by the fact 
that it is both simple and speedy; moreover, most of the persons engaged in 
the industry arc familiar with the test, and possess established conceptions 
of what the test-results should be for a yam having a given count and twist. 
It follows, therefore, that the lea test is unlikely to lose its popularity or be 
discarded in favour of some new test imless this can show undoubted 
advantages; a test which appears to be only slightly superior to the lea test 
is hardly likely to find a ready adoption. The second advantage enjoyed by 
the lea test needs but little explanation; an ordinary spinning mill produces 
a large amount of yam even in a short time, e.g. a mill of 100,000 ring spindles 
could produce daily 6,000,000 leas of 20's counts; it is clearly desirable that 
the amount of yam tested shall not be so small a fraction of the whole that 
it is likely to be completely unrepresentative. It cannot of course be expected 
that a mill will test any large proportion of its production, because if the 
fraction tested were at all large it would mean less yam (and more waste) 
would be available for sale and additional expense would also be incurred in 
maintaining a large testing staff. Ordinarily not more than one lea from one 
bobbin per side of each ring frame would be subjected to test each day in the 
mill; in 20's counts this represents about one lea in 9,000 spun, so that even 
with the lea test only a small portion of the yam is actuaUy subjected to test. 
The third advantage of the lea test is that the counts of yam can be deter- 
mined on the test-specimens after they have been broken; this obviously saves 
the time required in reeling a second set of specimens, and, furthermore, 
ensures that the strength and counts results pertain to the same set of 
specimens, and avoids an additional sampling error that might otherwise arise. 

As previously mentioned, the lea test is practically the only strength test 
used in mills; in textile laboratories, however, this test is often supplemented 
by a single thread test. The single thread lest suffers from neither of the 
objections which may be urged against the lea test; in addition, it yields a 
figure for the extension of the yam. But it docs not have Hbp same 
advantages as the lea test. One lea test is made on 120 yards length of 
yam, whereas a single thread test is made on a length of one or two feet, so 
that if the same amount of material were to be used in both kinds of test it 
would be necessary to make from 360-180 times as many single thread tests 
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as lea tests. The time taken in making so many* single thread tests is, 
generally speaking, prohibitive, and hence it is usual to subject a much 
smaller length of 3ram to single thread tests than to lea tests, with a corres- 
ponding possible increase in the sampling error. At the Technological 
Laboratory a compromise is made, and the number of single thread tests 
(made on i-ft. lengths) is four times as great as the number of lea tests. But 
to make 200 tests on the ordinary single thread testing machine takes twice as 
long as 50 lea tests, and even so, 90 times as much yam is tested in the lea 
tests as in the single thread tests. Hence, if it became mill practice to use 
the single thread test instead of the lea test, twice as large a staff would be 
required to carry out four times as many tests, and the proportion of the 
production tested would be reduced from one part in 9,000 to one part in 
810,000. The only way to overcome this difficulty would be to use an auto- 
matic single thread tester, such as the Moscrop testing machine; this would 
enable the same staff to cope with about half the amount of material tested 
in the lea test; but the counts would have to be determined separately, and 
no result would be obtained for the yam-extension. 

Developments in the last few years have led to the introduction of a new 
form of test known as the ballistic test. The ballistic test was strongly 
recommended for yams and fabrics by Lesteri* as long ago as 1910. The 
advantages claimed for the ballistic test by Lester are that it may be applied 
with greater rapidity than other tests; that the method is scientific and that 
the results have a scientific value as compared with the lea strength test; and 
tliat^* ‘'since the method gives proper importance to the elasticity of the 
sample, it indicates better than existing methods, the tme strength of the 
yam, the ‘toughness,' and the actual working quality." The investigations 
of Midgley and Peirce** have led them to agree with Lester that the ballistic 
test offers many advantages; and having pointed out that a yam usually 
breaks in practice as the result of a jerk, they continue** — “Fortunately the 
work absorbed in a rapid break is capable of convenient measurement by the 
ballistic method. This test is being used increasingly on metals and other 
materials, but in no field are its advantages so decided as in textile testing." 
They have accordingly designed a new ballistic tester, which is supplied by 
Messrs. Goodbrand, and claim that “the tester has been developed with the 
object of providing a test as convenient as those in vogue for commercial 
purposes, while giving a result of exact and scientific meaning. It is intro- 
duced on the grounds that the quantity measured is the most significant 
single measure of yam strength, but its use might equally be justified from 
the viewpoint of testing routine." 

Midgley and Peirce** further claim that the ballistic tester is suitable not 
only for yams but also for tapes and strips of duck. Its utility for fabrics 
appears doubtful, however, in view of the reasons advanced by Morton and 
Turner,* but the case which is made out for its use as a yam tester certainly 
appears to be a strong one. As a consequence, some comparative experi- 
ments have been carried out at the Technological Laboratory on the standard 
Indian cottons forming the subject of “Technological Reports on Standard 
Indian Cottons, 1930." Every season each of these standard cottons is spun 
in duplicate lots in three different counts of yams; each type of yam is then 
subjected to 50 lea tests and 200 single thread tests. The cottons of the 
seasons 1926-27, 1927-28, 1928-29, 1929-30 were also subjected to ballistic 
tests, 50 such tests being made on each type of yam, though the 1928-30 



T200 12 — A Study of Comparative Results for Lea, Single Thread, and BallisHc 

tests were carried out in a different manner from the 1926-28 tests, as ex- 
plained on pages T203-T204. The results obtained therefore provide a means 
of comparing in a very extensive manner the three tests, viz. lea test, single 
thread test, and ballistic test. 

n— PREVIOUS WORK 

Reference has already been made to the work of Lester, and of Midgley 
and Peirce, on the ballistic test. Various workers have made comparisons 
of lea and single thread tests. Midgley and Peirce®^ have introduced the 
convenient expression “lea ratio" to denote the ratio between lea strength 
(calculated as per single thread) and the actual single thread strength; in 
order to express the lea ratio as a percentage, the single thread strength is 
taken as 100. 

Bowman^ gives a number of results for single and twofold yams, viz. 
American 20*s single broke at 12 oz. single thread, and at 79 lb. lea (=7’9 oz, 
single thread), giving a lea ratio of 67 per cent. A single Eg5^tian breaking 
at 7 oz. single thread, and 54 lb. lea, gave a lea ratio of 78 per cent. Twofold 
yams gave even smaller lea ratios; thus twofold 40*8 Egyptian twiner yam 
breaking at 21 oz. single thread, and twofold 6o's Egyptian twiner breaking 
at 14 oz. single thread, each gave a lea ratio of 50 per cent. 

Gegauff®® made experiments on this subject and noted that strong leas 
gave lower lea ratios than weak ones. In some results published by Corser 
and Turner® it was found that the lea ratios of 6o*s single grey Sakel yam 
were 54, 72, and 64% for yams spun with twist constants of 2, 3, and 4 res- 
pectively. The results obtained for twofold yams were very different from 
those of Bowman. As shown in the table below, the lea ratios ranged from 
71% for the twofold yam spun with a single twist-constant 4 and twofold 
twist-constant 3, to 78% for the yam spun with single twist-constant 2 and 
doubled with twist-constant 3. Among the mercerised twofold yams the 
lea ratio varied from 60% to 73 per cent. In one or two cases yams which 
appeared stronger by the lea test appeared weaker by the single thread test. 

Table I 

Lea Ratios for 2/60’s Sakel Spun with Different Twists 


Singlfrs twist constant. 

2 

2 

' 2 

3 1 

1 3 

3 

4 

1 4 

4 

Doubling twist ronstant 

3 


1 

3 

4-5 

5-6 

3 

' 4-5 

5-6 

Grey 

78 

1 77 

1 72 

74 1 

1 71 

73 ' 

71 

74 

71 

Mei censed (Ml) 

73 

68 

1 67 

68 

65 

65 1 

68 

66 

60 

Mercerised (M2) 

73 

j 70 

1 66 

68 

1 1 

64 

68 1 

64 

63 

1 

62 

Ml ~ mercerised under tension 









M2 « mcKorised without tension but extended to onginal length before removal of 
alkali 

The interest of these figures lies in the fact that they have been obtained for 
the same cotton spun and doubled in many different degrees of hardness; 
they relate also to the several yams in the grey state and after mercerisation 
by two different methods. When it is borne in mind that for each grey yam 
only 10 lea tests and 200 single thread tests were made, and for eac^ mer- 
cerised yam only 8 lea tasts and 100 single thread tests, it is clear that these 
figures are subject to a considerable dimpling error, and that it can by no 
means be regarded as certain that the differences in the lea ratios are real and 
not due in part at least to sampling error. 
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It has long been generally recognised that the lea test suffers from a 
number of defects; G. R. Smith® criticises the lea test as follows — 

'‘The results obtained by the lea test cannot be said to have much value, 
because we do not know how to express the stretch we partly ^d roughly 
measure, and we do not know how the hank broke down. . . Some 
persons consider the hank broken when the first two or three threads break, 
others when many threads break, while others pull the hank until it ceases to 
register a further breaking load. . . This method of testing does not 
give the least strength of the thread in the hank, neither does it give the 
average strength of the yam or maximum strength of the yam. It gives a 
number which indicates that other yams which have 5delded this number 
have been passable. Custom has sanctioned this method of testing, with aU 
its faults, and fostered an erroneous notion which is deeply rooted, viz. that 
the lea test is an average strength test, when it is nothing of the kind. It will 
die slowly, because the men in commerce who talk about the strength and 
'elasticity' (stretch) of yams have grown up with it, and the numbers it gives 
conveys to their mind that it is or is not strong enough, and in all probability 
it will only be .self-preservation which will cause them to take to another 
system of testing." 

In view of the.se objections Smith prefers the single thread test, which he 
claims to have none of the disadvantages to which he refers. He overlooks, 
however, the previously-mentioned drawbacks from which the single thread 
test suffers. 

An entirely ('ontrary view is taken by W. J. Hall^ who, as a result of tests 
on woollen, worsted, and cotton yams, defends the lea test against the single 
thread test, and considers that "for the ballistic test a more extensive re- 
search appears to be necessary for yams, particularly if such a test is to 
replace the hank test." From his experiments Hall concludes that — 
"although the strength of the single thread cannot be deduced from the 
results of the hank tests, yet the hank test will grade a series of yams in 
approximately the same quantitative order as the single thread test, and that 
since most tests are comparative rather than absolute, the hank test is thus 
proved to be of considerable value, particularly when it is remembered that 
generally single thread testing is unreliable on account of the insignificant 
amoimt of material tested, and impracticable for general use if enough tests 
are carried out to give tmly representative results . . . the hank is less 

suitable for comparing yams of entirely different character, e.g. woollen, 
worsted, or cotton, and should not be used for this purpose without confirma- 
tion by other means." 

Ill— THE PRESENT TESTS 

Object — As previously indicated, the present tests were designed to deter- 
mine how far the ballistic test is a measure of the strength and trae quality of 
the yam, and to make a comparative study of it and the other strength tests 
in vogue, viz. lea and single thread tests. 

Cottons — ^The tests were carried out on the standard Indian cottons of the 
four seasons 1926-30; full details of these cottons are given in "Technological 
Reports on Standard Indian Cottons, 1930"; the cottons display a wide range 
of district of growth, botanical species, fibre-properties, and highest suitable 
counts as will be clear from the summary of these particulars given in Table 
II, page T202. 
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Procedure — ^The procedure followed in these tests was exactly similar to 
that described in ‘Technological Reports on Standard Indian Cottons, 1930.'* 
Each sample was passed through the lattice feeder, Crighton (twice), hopper, 
scutcher (three times), card, drawing (two heads), slubber, inter, rover, and 
spun from single hank roving in the ring frame. Duplicate lots of each cotton, 
each weighing 10 lb., were subjected to this treatment; but eight of the cottons 
of the 1926-27 season (Dharwar i, Gadag i, P.A. 285F, P.A. 289F, Cambodia 
295, Nand}^ 14, Hagari 25, and Karunganni C) were spun into four different 
lots, one pair at a high and one pair at a low spindle speed. Ten bobbins of 
roving were prepared from each lot; the ten bobbins from one lot were then 
placed in the creel of the ring frame and spun on spindles i-io while the ten 
bobbins from the duplicate lot were spun on spindles 73-82. A list of the 
more important machinery particulars will be found in "Technological 
Reports, 1930" (p. 9). 

Testify — ^As previously mentioned, each of the standard cottons was spun 
in duplicate in 1926-27, 1927-28, 1928-29, and' 1929-30, except the eight 
cottons of the 1926-27 season, which were spun in four different lots. Each 
lot was spun into three counts of yam; ten bobbins of yam of each count were 
spun from each lot. The numbers of tests made on the yam from each 
bobbin were as follows — 

For lea strength and counts 5 

For ballistic strength and counts 5 

For single thread strength and extension and counts 20 

Hence each mean result given in the Appendix, Tables I-IX, represents the 
average of 100 tests for lea strength and counts, 100 tests for ballistic work 
and coimts, and 400 tests for single thread strength, extension, and counts. 
As the total number of bobbins tested is 4,140 (77 samples; each spun in two 
lots; one count per lot for two samples, two counts per lot for 29 samples, 
three counts per lot for 37 samples, and four counts per lot for nine samples, 
and ten bobbins per count) it follows that the total number of tests made is 
20,700 for lea strength and counts, 20,700 for ballistic work and coimts, and 
82,800 for single thread strength, extension, and counts. 

The various yam tests were carried out as follows — 

(i) Counts actual — Determined on an Avery Yam Balance by weighing 
each lea (or portion of lea) previously used in the lea and ballistic tests 
respectively; the counts of yam in the single tliread tests were determined 
for each bobbin by weighing together, on a torsion balance of maximum 
load 500 mgm., all the yam used for the 20 tests from that bobbin. 

12) Lea strength — Determined in the Goodbrand Lea Tester No. 18, 
maximum load 150 lb., electrically driven. 

(3) Ballistic strength — Determined on half-leas for counts equal to 20*s and 
higher, and on quarter-leas for counts less than 20's, in the Goodbrand's 
Ballistic Testing Machine; in one case, Mollisoni (192^27), one-eighth leats 
were used in testing. The results given in the tables are calculated for one 
lea by multipl5dng by 2, 4, or 8 according as the length used in testing is half, 
quarter, or one-eighth of a lea, as the work done varies directly as the number 
of threads used. 

There was one important difference in the testing of the cottons of 1926-28 
and those of 1928-30. The leas of the former were placed in the ballistic 
tester and the ends left free to move round the crossbars just as in the lea test; 
but the leas of the 1928-30 cottons were placed in the tester with a hitch knot 
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at each crossbar so as to prevent any such motion of the threads; with free 
ends not all the i6o threads break, for some begin to slip roimd the crossbars 
as soon as a few break, just as in the lea test itself — ^but with the ends fixed all 
the threads break and no slippage is possible. The free-end method permits 
of a great absorption of energy in extending the partially broken lea, and is 
therefore even more unsatisfactory than the lea test itself; the extension with 
the ends fixed is the true extension of the yam, and it follows that the machine 
should only be used with the lea ends fixed, as recommended by Midgley and 
Peirce. The results of the present investigation show that although only a 
fraction of the i6o threads break when the ends are free, yet the work of 
rupture is much greater in this case than when the ends are fixed. Midgley 
and Peirce have shown that the work done in breaking a lea with fixed ends is 
double that for breaking a half lea, or four times that of a quarter-lea, as in 
each case the result is what would be obtained by adding the results for the 
individual threads tested separately; this does not hold good either for the 
ordinary lea test or for the ballistic test with free ends. 

(4) Single thread strength and extension — ^Determined on 12-inch lengths 
in the Goodbrand Single Thread Tester No. 20, maximum load 16-64 

The rate of traverse of the lower grip in the lea and single thread testing 
machines is 12 inches per minute. 

The individual results of each of the various tests on each count of each 
cotton show considerable variation among themselves; the extent of this 
variation is indicated by the “irregularity,*' which is calculated by subtracting 
from the mean the average of all those results which are less than the mean 
and then dividing this difference by the value of the mean; the fraction thus 
obtained is multiplied by 100 to express the irregularity as a percentage. 

The irregularity for lea and ballistic test results has been calculated in two 
ways. The first method is to determine the irregularity for the five tests on 
each bobbin and then find the average of the 20 percentage irregularities for 
the 20 bobbins of each count. The second method is to take together all the 
50 results of one lot of one count, and to find their irregularity, and then to 
find the mean of the two results thus obtained for the two lots. The first 
method eliminates the bobbin effect, and gives the average irregularity of the 
strength of the yam on a bobbin; the second method has the disadvantage of 
not eliminating the bobbin effect. From Table III, page 9, it may be seen 
that the irregularities in lea and ballistic tests are generally lower by the first 
method, as is to be expected with the bobbin effect eliminated. 

The second method of taking all the results together has been adopted for 
all the single thread strength results; we realise that the irregularity would 
be more correct if calculated for each bobbin separately, because there may 
be inter-spindle effects as shown by Tippett,® but the second method may at 
least be regarded as a first approximation. 

The irregularity for the single thread test results has been calculated 
directly from the 200 residts for each yam, and the mean taken of the two 
values obtained from the two lots in each case. In order to make all the 
figures for irregularity tmly comparable, the ballistic irregularities are shown 
in the tables as for leas; and as the irregularity is inversely proportional to 
the square root of the number of threads tested, it has been necessary to apply 

the correction-factors , ? , — , to the irregularities of ballistic work 
y/z 2 2V2 
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Table III 

Ck>mpari8on of Two Methods of Determining Irregularity (%) 


Lea Irregularity Ballistic Irregularity 


Cotton 

Season 

Counts 

* 

Bobbins 

combined 

Bobbins 

taken 

separately 

Bobbins 

combined 

Bobbins 

taken 

separately 

Dharwar 1 

1928-29 

20 's 

3-5 

3-3 

31 

2*9 


1929-30 

.. 

5-9 

5-4 

2-9 

2*5 

Jayawant 

1929-30 

,, 

5*9 

4>8 

3-7 

3*2 

Gadag 1 

1928-29 

,, 

5-8 

5*8 

40 

3*0 

1929-30 

,, 

4*5 

4-5 

2-7 

21 

1027 A.L.F. ... 

1928-29 

•• t 

4-2 

4-2 

3-4 

3*0 

$$ 

1929-30 


5-0 

4*1 

2-6 

2-7 

P.A. 4F 

1929-30 


10*5 

9-5 

4.4 

3-5 

P.A. 285F 

1929-30 


4-2 

4-3 

4-3 

3-9 

P.A. 289F 

1929-30 


70 

3-5 

3*9 

2-8 

C.A. 9 

1929-30 


5-3 

jS-O 

30 

2*6 

Akola Verum ... 

1929-30 


81 

6-9 

4.4 

4*1 

Nagpur Verum 

1929-30 


81 

7*3 

41 

3*9 

Umri Ban! 

1929-30 

,, 

7-4 

5-4 

30 

3*4 

Co. 1 

1928-29 


4-5 

3-5 

4-1 

3*6 

ff • • • * * 

1929- 30 


5*0 

4*2 

41 

3*4 

Co 2 ... 

1928-29 


4*6 

3-8 

3-3 

3-4 


1929-30 


4-6 

40 

3-3 

2*9 

Nandyal 14 

1928-29 


7-4 

8-2 

3-5 

3*1 


1929 30 


5-9 

6-6 

3-4 

3*2 

Hagan 1 

1928 29 


4-9 

4-7 

3*7 

40 


1929-30 


71 

5-2 

3*2 

2*8 

Hagan 25 

1928-29 

,, 

30 

2-3 

5-8 

4*6 

»» 

1929 30 


5-5 

5-5 

3*5 

3*4 

C7 

1928 29 


5-7 

5*7 

4*3 

4*2 

1 

1929 30 

, 

81 

5-5 

3*9 

4*4 

1 

Mean 

1 

- 

5-8 

50 

3*7 

3*3 

Dharwar 1 

1928-29 

30's 1 

4«2 

4-3 

36" 

3-2 

,, 

1929-30 , 


7 

6-9 ' 

3-2 

2*8 

Jayawant 

1929-30 i 


7-2 

61 

2-7 

2-2 

Gadag 1 

1928-29 

,, * 

6*3 

6-3 1 

41 

3*4 


1929-30 


6-4 

5-8 1 

2-2 

2*8 

1027 A L.F. ... 

1928-29 1 


5-5 

5-4 

4*5 

4*3 

... 

1929-30 ' 


4-9 

3-8 

2*9 

2*8 

P.A. 285F 

1929-30 


3-8 

40 

3*1 

31 

P.A. 289F 

1929-^0 

’’ 1 

1 6-2 

51 1 

4*9 

3*9 

C.A. 9 

1929-30 ‘ 

1 

5-8 

5-6 1 

2*1 

2*3 

Co. 1 

1928-29 


1 4*7 

4-4 1 

4-6 

3-7 


1929-x30 

1 

1 4-7 

3-9 1 

2*7 

2-5 

Co. 2 

1928-29 


51 

3-6 1 

5*0 

4*9 

••• • • • 

1929-30 


50 

4.4 1 

2*9 

2*7 

Nandyal 14 

1928-29 

,, 

9-5 

1 7-5 , 

5*0 

4.4 

1929-30 

,, 

7-8 1 

1 

30 

2-3 

Hagari 25 

1928-29 


41 ' 

60 1 

3*1 

2*9 

Mean 

— 

- 

5-8 

1 

3*5 

3*2 

P.A. 289F 

1929-30 1 

40’s 

5-9 

1 4-5 

5*4 

1 4*7 

Co. 1 

1928-29 1 


5*2 

3*7 

4*9 

' 4*9 



1929-30 , 

If 

4-5 

3-8 

2*4 1 

1 2*4 

Mean 

— 


5-2 

i 40 

4*2 

40 


determined on half, quarter, and one-eighth leas respectively. Tables I-IX 
(Appendix) give the actual results for each count and show the lea count- 
strength product, ballistic count-work product, single thread count-strength 
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product, single thread count-work product, and their ratios derived from these 
results. The single thread count-strength and count-work products have 
been calculated as for 27-inch lengths, this being the length of a strand in the 
lea or ballistic test. The strength of a 27-inch length was assumed to be the 
same as that of the 12-inch specimen actually used, as we have reason to 
believe that no correction-formula is sufficiently accurate to be worth appl}dng 
in this case; the extension was assumed to increase in the same proportion 
as the length. The product of half the extension for a 27-inch length and the 
count-strength product gives the count-work product. 

The effect of Humidity on the Results of the Strength Tests — ^The values of 
the relative humidity recorded in the several tests on each t5rpe of yam 
are also given in Tables I-IX (Appendix), 1 ^ will be observed that most of 
the yams were tested between 60 and 80% R.H., and that the differences in 
the relative humidity prevailing during the different tests on any one yam 
were quite small, so that in the discussion of the values of these ratios it is 
possible to ignore the effects of differences in humidity. But a few experi- 
ments were made with a view to determining to what extent the results 
obtained by the different tests are dependent upon the relative humidity at 
which the yams have been conditioned before being tested. For this purpose 
parallel tests were made at three different humidities, 40, 60, and 80% 
respectively. 

The tests were carried out in the following manner — ^The leas were reeled 
off and placed on a framework so designed that 45 leas could be suspended on 
it, with all the strands kept parallel without overlapping, in the same stretched 
condition as on their removal from the wrap reel. The yam was conditioned 
at a particular humidity (40, 60, or 80%) for at least an hour before being 
tested. Previous weighing tests showed that the moisture-content of the 
yam did not change appreciably under the conditions of these tests after half 
an hour’s exposure at a particular humidity. In the case of the single thread 
tests the yams were wound on black winding cardboards and exposed for 
conditioning for an hour at the particular humidity before being tested. 

That the leas when being tested were at least approximately in humidity- 
equilibrium with the surrounding atmosphere is shown by the results of some 
moisture-determinations on sets of four leas of Rajpipla yams which were 
weighed after being conditioned for an hour in the same manner as the leas 
used in strength-testing; and were then dried in a conditioning oven and the 
loss of weight determined. The moisture-contents were foimd to be — 

675% at 40% R.H. 

8-21% at 60% R.H. 

9*00% at 80% R.H. 

Thirty-five bobbins of 40’s counts were spun of Rajpipla (1927-28) cotton 
for these tests. A single set of ten bobbins was used for the lea and single 
thread tests on four different dates, when the relative humidities were 40, 
60, 80, and 60% respectively; five lea and 20 single thread tests were made 
successively on each bobbin at each relative humidity; five bobbins were 
similarly subjected to ballistic tests at each relative humidity. In a parallel 
series of tests, three bobbins were exhausted completely in lea tests at each 
humidity, and two bobbins were similarly exhausted completely in ballistic 
tests. All the tests were carried out as explained above, the ballistic tests 
being made with fixed ends. The results are given in the following tables — 
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Table IV 

The BlTect of Humidity on Lea Strength 


Tsn Bobbims Tested at bach Humidity successively 

Three Bobbins Exhausted at each Humidity 

1 

No. of 1 
Tssto 1 

I 

1 Counts 
Actual 

Strongth I 

I 

Count* 

strength 

1 Product 

Relative 

Humidity 

(%) 

No. of 
Testa 

Counts 

1 Actual 

Strength 

1 m 

Count- 

strength 

Product 

Relative 

Humidity 

(%) 

30 

38-7 

32-4 

1254 

> 44 

45 

38*2 

1 32-9 

1257 

41 

30 

38*3 

33*3 

1275 

58 

45 

39-2 

1 31*5 

1235 

60 

30 

38-4 

33*2 

1275 

79 

51 

38*4 

1 33-3 

1279 

78 

26 

39*7 

31-9 

1266 

60 

45 

39*2 

32-3 

1 

1 

1266 

1 

61 


Table V 

The Effect of Humidity on Ballistic Test Results 


Five Bobbins Tested at each Humidity successively 

Two Bobbins Exhausted at each Humidity 

No. of 
Tests 

Counts 

Actual 

Work of 
Rupture 
(lucb-lb.) 

Count- 

work 

Product 

ReUitve 

Humidity 

(%) 

No. of 
lests 

Counts 

Actual 

1 Work of 1 

1 Rupture • 

1 (inch-lb.) 1 

1 

C ount- 1 
work ‘ 1 
Product 

1 

1 Relative 

1 Humidity 
(%) 

25 

41*2 

36-2 

1491 

38 

37 

41-0 

. 36-8 

1509 ' 

37 

25 

40-9 

49*3 

2016 

60 

37 

39*5 

, 51-3 , 

2026 I 

! 60 

25 

39-8 

55-3 

2201 

80 

37 

38-8 

1 55>2 • 

2142 

' 80 

20 

41-5 

49-4 

2050 

59 

36 

39*8 

51-4 I 

2046 1 

1 61 


Table VI 


The Effect of Humidity on Single Thread Strength 


No. of 
Tests 

Counts ' 

Actual 

Strength I 

(oz.) 1 

1 Count-strength 1 
Product 1 

1 

Extension 

(in.) 

Relative 

Humidity 

% 

200 

39*9 

I 5*1 

203 

0*58 1 

1 42 

200 

42*1 1 

1 4*5 

189 

0*64 1 

1 58 

200 1 

41*4 1 

1 

1 4*9 

1 

203 1 

1 

0*70 1 

1 76 


The results of these tests are unusual so far as they relate to the single 
thread and lea tests, as in these cases the effect of humidity on strength is 
comparatively insignificant — ^which is at variance with what we know from 
other experiments. No doubt the variation in counts is to a large extent 
responsible for this anomaly, which may, however, be a consequence of the 
material having been exposed to light at some time — though tlie yam, when 
not being conditioned for testing, was left on the bobbins, well wrapped up, 
and kept in the dark in a drawer. 

The ballistic tests, in contra-distinction to the lea and single thread tests, 
display very considerable differences in the results at the different humidities; 
thus the ballistic count-work product increased by 35% when the humidity 
rose from 40 to 60%; the increase was much less — only 7% — for the change 
in humidity from 60 to 80%. The number of tests is of course comparatively 




T2o8 12 — A Study of Comparative Results for Lea, Single Thread, and Ballistic 


small, but it cannot be doubted that the ballistic test results are much more 
affected by humidity than either the lea test or the single thread test results. 

As some time elapsed between the making of the tests at the different 
humidities, it was thought that some ageing effect might have been responsible 
for the comparatively low results obtained by the lea and single thread tests 
at the higher humidities. For this reason the lea and ballistic tests were 
repeated at 6o% relative humidity, but in both cases the results obtained were 
substantially the same as in the previous tests made at the same humidity, 
and it was accordingly concluded that the difference in the effect of humidity 
on the lea and ballistic tests could not be ascribed to any ageing effect. 

IV— DISCUSSION OF THE RESULTS 

The chief purpose of these tests is to compare the results of the different 
kinds of tests with one another. Midgley and Peirce state that — 
‘^expressed in inch-pounds the ballistic work of a lea is usually a fraction 
greater than the 'pull* in pounds, but the fraction is variable, as the latter is 
subject to the many disturbing factors not affecting the work. Its relation to 
single-thread breal^g load depends not only on the extensibility and on the 
shape of the load-extension curve, but also on the effect of speed, which may 
vary according to the yam. Roughly the results by the different tests are 
of the following relative order — Single-thread, 6 oz. (6o lb. per lea); Moscrop, 
7*5 oz. (75 lb. per lea); lea test pull, 44 lb.; ballistic work, 55 inch-lb.; but they 
cannot be calculated one from the other.** 

Although Midgley and Peirce recognise that their figures are only rough 
and that it is not possible to calculate the result of one test from that 
of another, yet even so the figures are likely to be misleading. It must not 
be forgotten that the ballistic work is directly dependent upon the total 
extension whereas neither the single thread nor the lea strength is so 
dependent; and as cotton yams differ very considerably from one another in 
this property of extension it follows that the relation between the results of 
the various tests must be correspondingly affected. 

The most convenient method of comparing the different tests is to express 
the results in the form of ratios. In each case the effect of variation in coimt 
for a given nominal count of yam may be eliminated by expressing the results 
in the form of count-strength or count-work product. As ordinarily the lea 
test results would be compared with the ballistic test results the ratio adopted 
for comparing these two tests is that of the lea count-strength product to the 
ballistic count-work product; the lea and single thread strength tests both 
give readings of tensile strength direct, and so in this case the ratio used is that 
of lea count-strength product to single-thread count-strength product; finally, 
as the single thread test gives a measure of extension as well as of strength, 
the work done per single thread in the single thread tests is measured by 
(Jx strength xextension), assuming that the relation between strength and 
extension is linear; hence in comparing the single thread and ballistic tests 
the ratio used is that of the single thread count-work product to the ballistic 
count-work product. , 

The values for the different ratios have been tabulated separately for very 
low counts (6-io*s), for low counts (i2-i8*s), and for medium counts (i 50 - 4 o's). 
We will now consider the results for these different ratios. 

(i) The Ratio of Lea Couni-strength Product to Ballistic Count-work 
Product — ^Table VII summarises the results for the different counts — 
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Table VII 

The Ratio of Lea Count-work Product to Ballistic Count-work Product 



Values of Ratio for Counts — 


6/10's 

12/18'& 

20/40's 

Lea-ends free in ballastic test 

0-32 

0*45 

0-51 

I^a-ends fixed in ballastic test 

0-41 

0-52 

0-63 


It is clear from this table that the fixing of the ends in the ballistic test 
causes a lower result to be obtained for the work of rupture, thus increasing 
the values of the lea/ballistic ratio. Yet all the values in the table are much 
lower than that of Midgley and Peirce, viz. o-8o. This difference is largely 
due to the fact that the lower counts have considerably greater extensions 
than the higher counts, and this alone is responsible for an increase of the 
work of rupture. 

We will now examine the differences within each group of counts; the 
results for 6-io's are too few to enable us to institute any useful comparisons; 
but in the i2-i8*s group it is noteworthy that there is a tendency for the 
higher counts to give a slightly higher ratio than the lower counts, though the 
difference is insignificant compared with the difference between this group 
and the very low counts. The results for the different counts in the 2o-4o'& 
group are not what would be expected by analogy of low and very low coimts, 
for the extension of 40*s counts is lower on the average than that of the 30*5, 
and of the 30*8 than that of the 20's, the actual mean values being 0*84 for 
2o's, 074 for 30's, and o-bg for 40's; yet the values of the strength-ratios for 
2o's, 30's, and 40's counts are 0-52, o*5i, and 0*49 respectively when the ends 
are free, and 0*63, 0*64, and o*6i respectively when the ends are fixed, showing 
that the value for the highest coxuit is very slightly less than that for the lowest 
in this group. That this is a real difference appears to be shown also by the 
fact that if we compare the results for 20's and 30's, and also for 30's and 40's, 
for each cotton in each season, out of the 70 pairs of values available for com- 
parison the higher count gives a lower value for the ratio in 51 cases and a 
higher value only in 14 cases, while in five cases there is no difference between 
them. Evidently there is some influence at work which rather more than 
nullifies the effect of the lower extension of the higher count. It is probable 
that this influence is to be found in the higher twist-constant with which the 
higher counts arc spun, the twist-constants being 375 for 20's, 4 for 30's, 
and 4*25 for 40's. This difference in twist-constant may affect the results in 
two ways; first, the higher twist has a greater influence upon single thread 
strength than upon lea strength, and as the single thread strength increases 
compared with the lea strength, so will the ballistic work of rupture; and 
secondly the actual work of rupture in breaking the fibres and separating 
them is also likely to be relatively greater for the yam spun with the higher 
twist-constant. 

(2) The Ratio of Lea Count-strength Product to Single Thread Count-strength 
Product— That the lea strength becomes less, relatively to the single thread 
strength, as the counts become finer, is revealed by the results for tlie ratio 
of lea count-strength product to single thread coimt-strength product. The 
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mean values for this ratio are 070. and 0*64 for 20*s, 30's, and 40's 
respectively; hence these results lend support to the explanation already 
advanced for the unexpected change in the value of the ratio of lea count- 
strength product to ballistic count-work product for the 20-40's range. 
Moreover, if we compare the results for each cotton spun into 20-30's and 30- 
40's, we find that, out of 69 pairs, 64 give a lower and only two a higher 
value for higher counts, while in three cases there is no difference. Now the 
40's count gives of course much weaker leas than the 30's, and the 30's than 
the 2o's count. This result therefore indicates that the stronger leas give a 
higher lea/single thread ratio than the weaker leas — a result which is dia- 
metrically opposed to that of G^gauff** as quoted by Midgley and Peirce. 
Moreover, for cotton spun into a single count with twist-constants 2, 3, and 
4, the results obtained by Corser and Turner (page T 200 ) , show that the yam of 
medium twist and strength has the highest lea ratio. It is evidently im- 
possible therefore to regard as a rule capable of general application G^gaufl's 
result that weak leas give a higher lea ratio. 

(3) The Ratio of Single Thread Count-work Product to Balhstic Count-work 
Product — ^We may now consider the ratio of single thread to ballistic count- 
work product; Table VIII summarises the results for the different counts — 

Table VIII 

The Ratio of Single Thread to Ballistic Count-work Product 

Values of Ratio for Counts — 

I 6/10's I 12/18’s I 20/40's 

Lea-ends free in ballistic test 0-61 ^ 0*72 0*64 

Lea-ends fixed in ballistic tests 0*87 ^ 0*85 0*79 

I 

The ballistic results of the low and very low counts with free-ends are few 
in number and very variable, and if we disregard these, we see from Appendix, 
Tables I- IV and VI-VIII. that, throughout the medium counts (20-40's), 
an increase of counts leads to a reduction in the ratio, which has the mean 
values 0*86 for 20's, 0*78 for 30's, and 0-72 for 40's, with lea-ends fixed, and 
070 for 2o's 0*63 for 30's and o*6o for 40's, with lea-ends free. This may be 
accounted for by the effect of the difference in twist-constant to which 
reference has previously been made, viz. a greater work of rupture of the 
hairs in the case of the harder-twisted higher counts; such work of rupture is 
completely ignored in the calculation of the single thread count-work product. 
That the effect is a real one in the 20-40's range appears to be indicated by 
the fact that, out of 69 pairs of values taken as before, in 61 the higher count 
gives a lower value and in only six does it give a higher value, while in two 
cases there is no difference. 

When the ends are fixed by hitch knots the ratio increases quite signifi- 
cantly in all ranges of counts, showing thereby that the ballistic count-work 
product has decreased^ and become more nearly equal to the single thread 
count-work product. 

THE IRREGULARITY OF THE RESULTS * 

It is claimed for the ballistic tester that it gives very regular results. It 
is easy to show, however, that under similar conditions the ballistic tester 
would be expected to give results having an irregularity y/2 times as great 
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as the strength test alone, assuming that the extension and its irregularity 
are directly proportional to the strength and its irregularity respectively. In 
comparing the results in the present tests, as the baUistic tests were made on 
fractions of leas, whereas the lea tests were made on whole leas, the values 
of irregularity of ballistic strength have been corrected so as to make them 
truly comparable, as described on page T 204 . It will be observed at once from 
the following table that the irregularity of the ballistic test is in general 
greater than that of the lea test when the ends are free, but decidedly less 
than that of the lea test when the ends are fixed. 

Table IX 

Irregularities of Lea and Ballistic Test Results 





Values 

of Irregularity (%) for Counts 

Season 


Test 







20'8 

' 30*8 

40*8 

1926>28 

Lea 


5-4 

, 6-3 

5-8 


Ballistic 

(ends free) 

5*4 

6*6 

7-3 

1928-aO 

I.ea 



5-8 

5*8 

5*2 


Ballistic 

(ends fixed) 

3-7 

3*5 

4-2 


The results for the individual cottons when the ends are free show considerable 
variation, and putting all counts together, we find the lea test irregularity is 
lower in 60 and higher in 51 cases. But when the ends are fixed the irregu- 
larity is less for the ballistic than for the lea test in practically every one of 
the 96 cases, so that these results afford a strong confirmation of Midgley and 
Peirce's conclusion on this subject. 

The irregularities obtained in the ballistic test may also be compared with 
those obtained in the single thread test. Reference to the tables will show 
that the differences in irregularity do not fluctuate very greatly for yams of 
any one count made from different cottons. We therefore confine ourselves 
to the mean values of the irregularities obtained for all the cottons of 20's, 30's, 
and 40's counts respectively. In making the comparisons it has to be remem- 
bered that the single thread irregularities relate merely to a single thread; 
the values of irregularity which would be obtained for 160 threads tested 
togetl^ as in a lea test would therefore be diminished m the proportion 
I : \/i 5 o. The percentage irregularity for work done, as calculated from the 
single thread tests, is then given by the square root of the sum of the squares 
of irregularity of single thread strength and single thread extension, calculated 
as per lea. These calculated values for the percentage irregularity were 
found to be 1-09, 1-25, and 1*44%, for the 20's, 30's, and 40's counts respec- 
tively; these values are only about one-fifth of the corresponding values shown 
in the table above for the ballistic test with the lea-ends free, and only about 
one-third of those with the lea-ends fixed. It is clear therefore that the 
values for the irregularity of the ballistic test results are not comparable with 
those of the single thread test results. 

Again, if we calculate the irregularities of lea strength from the irregu- 
larities of single thread strength, their values should be 0*89, 0*98, and 1*09% 
for 2o's, 30's, and 40's respectively; these values are only about one-fifth of 
the actual results for lea irregularity, already given above. The discrepancies 
between the two series show how far removed is the lea test from being really 
equivalent to the testing of 160 single threads. 
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THE RANKING OF VARIOUS COTTONS BY DIFFERENT TESTS 
may now compare the various methods of testing by placing the 
different cottons in their order of rank in each season according to each 
method of testing. The results for the six low and very low-count cottons 
are comparatively diveigent, and all the methods of testing rank them in the 
same order; the present discussion is therefore restricted to the medium-count 
cottons. 

1926-27 Cottons: BaUistic Tests with Free Ends — ^We obtain the following 
order* for the 1926-27 cottons — 



Ballistic 

Lea 

Single-thread 

Single- thread 

Cotton 

Count-work 

Product 

Count-work 

Product 

Count-strength 

Product 

Count-work 

Product 

P.A. 289F 

8 

8 

8 

8 

Co. 1 

14 

14 

14 

14 

Gadag 1 

2 

2 

2 

2 

P.A. 285F 

7 

13 

13 

13 

Nandyal 14 

15 

15 

1 15 

7 

C.A. 9 

13 


1 7 

1 

PA. 4F 

6 

1 1 

1 1 

6 

Dharwar 1 

1 

3 

16 

15 

1027 A LF 

3 

16 , 

, 6 

16 

Karunganni 

17 

6 

17 

17 

Hagari 25 

16 1 

1 

— 

— 

Umn Bam 

18 

18 

— 1 

1 — 


♦ The numbers in this and the following tables aie merely identihcation numbers, the 
cottons shown in col. 1 having the respective identification numbers of the “ballistic 
count-work" column. 

The ballistic tests on these cottons were made with the ends free to move on 
the crossbars. It will be observed that the chief difference in order between 
the ballistic and lea tests is the displacement of Nos. 7, 13, and 6. The lea 
and single thread strength orders are exactly the same. The most notable 
difference between the orders according to the ballistic and single thread 
count-work products is the great relative change in the positions of Nos. 15 
and 13; these are adjacent in the ballistic test order, but No. 15 is three places 
lower and No. 13 two places higher according to the single thread test. 

1927-28 Cottons: BaUistic Tests with Free Ends — For the 1927-28 cottons, 
also tested ballistically with free ends, the following is the order of ranking — 


Cotton 


Ballistic Lea 

Count-work • Count-strength 
Product t Product 


Single-thread 

Count-strength 

Product 


Singlc-tliread 

Count-work 

Product 


P.A. 289F 

8 

Gadag 1 

2 

Co. 1 

14 

Nandyal 14 

15 

PA 2851* 

7 1 

Dharwar 1 

1 

C.A. 9 

1 13 

Karunganni 

' 17 

Umri Bam 

18 

Hagan 25 

• 16* 

1027 A L F, 

3 ' 

P.A. 4F 

1 6 1 


8 

8 

2 

2 

2 

8 

14 

14 

7 

7 

7 

14 

1 

1 

1 

15 

15 

15 

13 

13 

13 

3 

3 

3 

16 

17 

16 

17 

16 

18 

18 

18 

6 

6 

6 

17 


In this case the chief differences in the ballistic and lea orders of ranking 
are that Nos. 15, 17, and 18 are placed two places higher, and No. 3 three 
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places lower by the ballistic test. The only difference between the lea and 
single thread strength tests is that Nos. 16 and 17, which are adjacent in each 
list, change places. The order according to the single thread count-work 
product differs frequently from the ballistic order; the chief differences are 
that Nos. 17 and 15 are respectively four and two places higher by the 
ballistic test, and Nos. 7 and 3 arc respectively two and three places lower. 

If we now sum up the differences between the different tests it will be seen 
that aU the tests agree fairly well together, although the divergences of the 
ballistic tests are rather greater than for either of the other two. The 
differences between the lea strength and single thread strength results are in 
fact negligible; but the same cannot be said of the results of the ballistic tests 
with ends free in testing. 

1929-30 Cottons: Ballistic Tests with Fixed Ends — ^The tests on the 1929-30 
cottons are more important because the ballistic tests were made on half leas 
with ends correctly fixed at the crossbars with hitch knots. The order in 
which the cottons are placed according to the different methods of testing is 


given below — 






Ballistic 

Lea 

Single-thread 

Single-thread 

Cotton 

Count-work 

1 Count-strength 

Count-strength 

CoUnt-work 


Product 

1 l^oduct 

Product 

Product 

P.A. 285F 

5 

, 5 

6 

5 

P A. 289F 

6 

' 6 

^ 1 

14 

Nandyal 14 

13 

1 

7 

2 

Co. 1 

11 

7 

13 

6 

Hagari 25 

15 

1 11 

2 

11 

C.A 9 

7 

3 1 

1 10 

7 

1027 A.L.F 

3 

, 2 


10 

Hagari 1 

14 

1 1 

14 ' 

12 

Umri Bani 

10 

12 1 

1 3 , 

13 

Gadag 1 

2 

10 1 

1 1 1 

3 

Nagpur Verum ... 

9 

14 1 

1 12 I 

9 

Dharwar 1 

1 

‘ 15 

15 1 

1 

Co. 2 1 

12 

< 16 1 

1 9 

15 

Karunganm 

16 

1 s 

, 16 

4 

Akola Verum . . . 

8 

1 9 

8 

8 

P.A. 4F 

4 

4 

4 

16 


It will be observed that the ballistic test ranks Nos. 15 and 14 seven and 
three places higher respectively and Nos. i and 12 each four places lower, and 
No. 2 three places lower; the total of the differences in rank is 32 places. The 
changes in order according to the lea and single thread strength are numerous 
but generally small, but as only Nos. 15 and 4 remain xmchanged, the total 
of the differences in rank amounts to 26 places. There are large changes in 
order between single thread and ballistic count-work products; the most 
notable changes are that the ballistic test ranks Nos. 15 and 13 eight and six 
places higher respectively and Nos. 2, 14, and 12 respectively seven, six, and 
five places lower; in this case the total of the differences in rank amounts to 
44 places. 

It is evident therefore that the lea and single thread tests agree better with 
one another than either of them does with the ballistic test, even when the 
latter is carried out with fixed lea-ends. 

V~C^£N£RAL R£VI£W OF TH£ R£SULTS, AND CONCLUSIONS 

We may now review the results of these experiments on the ballistic test. 
The question we have to answer is — Does the evidence available prove the 

F 
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ballistic test to be so superior to the lea test that the latter should be discarded 
in favour of it ? A negative answer must be given to this question at present. 
We have found that while there is a fairly good agreement between the lea 
and single thread tests in the order of quality they assign to a series of cottons, 
the order assigned by the ballistic test differs considerably in one or two cases. 
These differences may be due to errors of experiment or sampling, or to the 
fact that the ballistic test measures extension and strength combined. We 
cannot say that the order given by the ballistic test is the correct order, 
though it is a strong point in its favour that it gives more regular results than 
the lea test; at the same time it is a weak point of the ballistic test that the 
test-results are more largely affected by differences in humidity. 

It may be pointed out that even in other industries where a ballistic test 
has attained a certain measure of popularity, it has become not the sole but 
rather a supplementary test, the chief place still being taken by the ordinary 
tensile test. We feel therefore that in the textile industries also the ballistic 
test may at least be regarded as a useful supplementary test; and although 
the fact that it measures both tension and extension combined is in some ways 
a useful property of the test, yet this must also be regarded as a drawback, 
because it leaves us imcertain whether a difference between two materials on 
the ballistic test is due primarily to differences in breaking tension or breaking 
extension. It is certainly true that a comparatively large amount of elastic 
extension is valuable, yet the ballistic test does not differentiate between 
clastic and inelastic extension, and there is no doubt that the tensile strength 
is also of some importance, especially when it is coupled with high inelastic 
extension. Moreover, once the yam has passed through the various stages 
of preparation and becomes part of the finished cloth, the yam extension 
becomes of less importance because it is only partially responsible for the 
extension of the fabric, and there is no evidence to show that the total exten- 
sion of the yam is one of the fundamental factors governing the utility of the 
fabric. 

To sum up, wc feel that the ballistic test is a good test of yam and that it 
is certainly worthy of a much more extended examination. For this reason, 
the practice is now established at the Technological Laboratory of making 
ballistic tests not only on the yams spun from the standard Indian and other 
cottons, but also on all yams spun from samples supplied as representative 
of the commercial crop. 
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Appendix; Table I 

Results for 20 ’s A Counts — (Ballistic Tests with Lea- ends Fixed) 
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Agpmdix: Table 11 

Results for 20 *sB Gknmts-— (Ballistic Tests with Lea-^ds Fixed) 
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.Vor#—C.S.P. IB Count-strength product; C.W.P.a* Count-work product. 
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\oU — C S P •> Count -strength product C.W P >BCoant work product 


Appendix: Table IV 

Results for 34*s and 40*8 Counts — (Ballistic Tests with Lea-ends Fixed) 
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Aro^#->C.S.P.=s Count-strength product, C.W.P.=Count*work product. 
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Appendix: Table VI 

Results for 20*8 Counts — (Ballistic Tests wilOi Lea-ends Free) 















































































Appendix: I'nble VII 

Results for 30 *s Counts — (Ballistic Tests with Lea-ends Free) 
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Results for Low and Very Low Counts — (Ballistic Tests with Lea- ends Free) 
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13— CRIMP IN WOOL AS A PERIODIC FUNCTION OF TIME 

II— A STUDY OF 31 SAMPLES CUT FROM THE SAME 
MERINO SHEEP AT INTERVALS OF ONE MONTH DURING 

ITS WHOLE LIFE 

By Mabkl H. Norris, M.Sc., and C. C. Claasskns, B.Sc. (Agr.) 

(Wool Industries Research Association) 

PART I--CRIMP 

In continuation of work recently published,^ we have been able to study, 
through the kindness of Prof. Duerden, of University College, Grahamston, 
South Africa, a unique set of samples of Merino wool, all taken from the same 
sheep at monthly intervals during its entire life of 31 months. The first 
sample was taken at birth. In view of the interesting results obtained from 
our previous study, it seemed probable that a similar examination of these 
samples could not fail to provide further valuable data. 

The measurements were carried out in exactly the same way as those 
described previously,^ and the results arc presented in Table I bdow. The 
figures seem to supply definite support to the hypothesis that crimp 
formation is a periodic function of time and is not dependent on rate of 
fibre growth. Although the crucial test of such an h3^thesis must of 
necessity be measurements made while the wool is still on the sheep, the 
great difficulties involved in obtaining a set of such measurements, which 
would be entirely trustworthy, renders any data which throws further light 
on the problem valuable, even if not conclusive. 

Table I 

Analysis of Locks of Merino Wool, from the same Sheep taken at Monthly 
Intervals, fbr Fibre Length and Number of Crimps per Fibre 


Length* 

1 

1 

Mean Number of Ciimps 



Coefiicieni 

Group 

/ 



M.} 

S D 

of 

(cms.) 

1 Per hbn* 

Per cm f 


1 

Variation 



(1) Ac.h 

1 MonthI (32 days): Mean 

L-'ibre Length 2 cms 


M 1-5 1 

1 ^ 

1 4 

3-08 

1 



l-6~2*0 1 

I 50 

1 5 1 

2-78 

y 5-6 

! ±1-35 

24-0% 

2-1-2-5 

1 40 

i 6-5 1 

2-83 

J 


(2) Age 3 Months (93 days): Mean 

Fibre Length 3-4 cms. 


2- 1-2-5 I 

21 

9 

3-91 




2-6-30 1 

1 12 

11 

3-93 




3-1 -3-5 1 
3-6-40 1 

1 15 

1 19 

12 

13 

3-64 

3-42 

y 12-2 

±2-94 

24-20/0 

41-4-5 

25 

14 

3-26 




4-6-50 

5 

16 

3-33 




(3) Age 4 Months (124 days): Mean 

Fibre 

Length 4-0 cms. 


2-1-2-5 

6 

M3 

5-65 




2-6-30 

10 

14 

5-00 




31-3-5 

25 

15 

4-55 




3-6-40 

18 

16 

4*21 

15-5 

±8-22 

18-4% 

4- 1-4-5 

12 

18 

4-19 



4-6-5-0 

11 

19 1 

3-96 




5-1-5-5 

11 

20 ' 

3-77 
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Table 1 — continued 


Length* 

1 

1 Mean Number of Crimps 



1 Coefficient 

Group 

/ 

1 



M.t 

1 S.D. of 

(cms.) 






Variation 

_ 


Per fibre 

Per cm f 



1 

(4) 

Age 5 Months (154 

days). Mean 

Fibre 

T.ENGTH 5-7 CMS 

31-4-0 

6 

17 

4-79 1 




4- 1-50 

20 

20 

4-40 




5* 1-6-0 

34 

25 

4*50 


. 24-2 

f-3-55 14-7% 

6-1-70 

45 

26 

3-97 



71-8-0 

17 

26 

3-44 

- 



(5) Age 7 Months (220 

days): Mean 

FlBRb 

Length 7-0 cms 

4-6-5-5 1 

11 

26 

5*15 




5-6-6-5 

27 

28 

4-63 



1 

6-6-7-5 

30 

31 

4*40 


^ 30*3 

L3-21 1 10-6% 

7-6^-5 

23 

33 

4-10 


, 

8-6-9-5 

9 

33 

3-65 

> 


i 

(6) Age 8 Months (248 days): Mean 

Fibre 

J.KNGTH 8*3 CMS 

61- 70 

9 

32 

4-89 

1 

1 


7-1- 8-0 
81- 9-0 

18 

50 

33 

35 

4-37 

4-09 

1 

1 

1 34*2 

_L2-71 ^ 7-9% 

91-100 

20 

35 

3-66 

J 

1 

1 

(7) Age 9 Months (276 days): Mean Fibre LENcrit 8‘.S cms. 

61- 7-0 

10 

31 

4-73 

1 



71- 80 

23 

33 

4-37 




8! - 90 

39 

34 

3*98 

1 

^ 34-2 

r3-36 9-85% 

91-10-0 

21 

35 

3-66 

1 


lOl-ll-O 

6 

36 

3-41 

J 



(8) Age 10 Months (304 days). Mean 

Fieri- 

Length 9*3 cms. 

71- 8-0 

7 

38 

5-03 


1 


8- 1- 9-0 

9- 1-100 

31 

39 

40 

42 

4-68 

4-40 

1 

1 

1 41-0 

J:3-24 7-90% 

lOl-ilO 

22 

43 

4-08 

J 

1 


(9) 

Age 11 Months (332 days); Mean 

Fibre 

Length 11*0 cms. 

8-6- 9-5 

7 

44 

4-86 

-> 

1 


9-6-10-5 ' 
10-6-11-5 

27 

36 

46 

47 

4*58 

4-25 


1 46-7 

1 3-18 6-80% 

11-6-12-5 

27 

48 

3-98 

J 

1 


(10) 

Age 12 Months (369 days): Mean 

Fibre Length 12-3 cms 

10-1-11-0 

7 

51 

4-83 

1 



11-1-12-0 

30 

51 

4-42 



1 

121-130 

29 

52 

4-14 


. 52-0 

1 4-33 1 8-34% 

1 

13-1-14-0 

23 

54 

3-98 



14-1-15-0 

7 

54 

3-71 

J 



(11) 

Age 13 Months (397 days): Mean Fibre 

Length 12-3 cms. 

9-6-10-5 

7 

45 

4-48 




10-6-11-5 

17 

48 

4-34 



( 

11-6-12-5 

33 

53 

4-40 


. 52-7 

::F5-34 I 10-13% 

12-6-13-5 

29 

55 

4-21 



13-6-14*5 

9 

58 

4-13 





(12) Agk 14 Months (430 days): Mean Fibre Length 14-! cms. 


11*1-12-0 

8 

52*5 

4-55 

12-1-13*0 

11 

54 

4-30 

13*1-14-0 

26 

56 

4-13 

14-1-15*0 

25 

57 

3-92 

15-1-16*0 

20 

62 

3-99 

16-1-17-0 

7 

60 

3-74 


y 57-3 


+6-62 


n-55% 
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Table I — continued 


I-engfth* 

Group 

{cm 3 .) 


f 


' Mean Number of ('nmps 

1 


Ml 


I^er fibre | Per cm f 



Coefficient 

of 

Variation 


(13) Ac>l 15 MoNinb (458 days) Ml.an Fidrl Lknoih 15*1 cms 


12*1-130 

8 

63 

5*02 

n 


1 

13*1-14*0 

17 

64*5 

4*76 

1 


1 

14*1-15*0 

22 

64*5 

4*43 


^ 66*8 

6*73 

15*1-16*0 

28 

67*5 

4*34 


16*1 17*0 

14 

69 

4*17 



1 

17*1-18*0 

8 

72 

4*10 

^ j 



(14) Age 16 Months (485 days) Mean 

Fibre 

Length 15*07 cms 

12*1-13 0 

7 

58 

4*62 

•>1 



13*1-14*0 

16 1 

62 

4*58 




14*1 15*0 
15*1 16 0 

26 ' 
28 

64 

64 

4*40 

4*12 

1 

^ 63*7 

dr4*37 

16*1-17*0 

16 

66 

3*99 




17*1 180 

5 

65 

3*70 





10 * 1 % 


6*85% 


(15) Agb 17 Months (513 days) Mean Fibre Lengih 16 75 cms 


13*6-14*5 1 

i 5 

73 

5*20 

14*6-15*5 

14 

, 69 

4*58 

15*6- 16*5 

22 

73 

4*55 

16*6 17*5 

24 

1 71 

4*16 

17*6-18*5 

19 

74 

4*10 

18*6-19*5 

7 

74 

3*88 

19*6-20*5 I 

1 5 

' 76 

3*79 


f4-79 6-70% 


(16) 

Agi 

18 MoxMhs (541 days) Mean 

Fibri* Length 16*5 cms 

14*1-15*0 1 

9 

1 67 

4*60 


1 

15*1-16*0 

30 

1 71 

4*57 

1 



16*1 17*0 

24 

75 

4*53 


^ 72-6 - i , 5-67 


17*1 18*0 

22 

1 74*5 

4*25 



18*1 19*0 

9 

1 74 

3*99 


1 

(17) 

\gi 

19 Months (570 

days) Mean Fibri* Length 17*6 cms 

14*6-15*5 

8 

69 1 

1 4*58 

1 


15*6-16*5 

21 

1 71 1 

1 4*42 

1 


16*6 17*5 

20 

71 1 

1 4*16 

1 

^ 70*2 -L5 20 

17*6 18*5 

15 

' 70 

' 3*88 

1 


18*6-19*5 

22 

1 71 

3*73 

1 


19*6-20*5 

10 

69 

3*44 

- 


(18) Aob 

20 Months (598 days). Mean 

I'lBRi Length 16*2 cms 

13*6-14*5 

6 

71 

5*05 



14*6-15*5 

24 

71*5 

4*75 



15*6-16*5 

28 

72 

4*49 


► 73- 1 ±6-05 


16*6-17*5 

24 

75 

4*40 



17*6-18*5 

9 

74 

4*10 



18*6-19*5 

5 

78 

4*10 




(19) Agb 21 Months (625 days) Mean Fibre Length 19*6 cms 


16*1-17*0 

9 

' 78 1 

4*71 



17*1-18*0 

8 

1 82 

4*67 



18*1-19*0 

17 

‘ 85 

4*58 



19*1-200 

25 

1 87 

4*45 


- 85*8 1 

20*1-21*0 

19 

1 66 

1 4*18 



21*1-22*0 

8 

‘ 91 

4*22 


1 

22*1-23*0 

7 

95 

4*41 


1 


4-809 


9*43% 
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Table I — continued 


Length* 

Group 

(cms.) 


Mean Number of Cnmps | 


Pci libie IVr cm f 


MJ 


S D 


C'oefficient 

of 

Variation 


(20) Age 22 Months (653 days) Mean Imhre I.engtei 20-6 cms 


17-1-180 

6 

79 

4-50 


181-19-0 

19 

82 

4-42 


19-1-20-0 

13 

84 

4-30 


20*1-21-0 

17 

83 

4-04 

► 

2M-22-0 

19 

84 

1 3-90 


22-1 23-0 

16 

85 

3-77 


23- 1- 24-0 

6 

85 

1 3-61 



83-2 


I 6*45 


7 - 750,0 


(21) Age 23 Months (681 days) Mean Fibre Lengih 19-4 cms. 


16-1-170 

6 

75 

4-53 

17-1-18-0 

9 

80 

4-56 

18-1 19-0 

25 

82 

4-42 

19-1> 20-0 

22 

82 

4-19 

201-21-0 

20 

86 

4-18 

2M-22-0 

13 

88 

4-08 

(22) Agi 24 Months (709 

DATS) Ml* AN 

20-1 21-0 

5 

89 

4-33 

2M-22-0 

24 

90-5 

4 20 

22-1-230 

19 

94 

4-17 

23-1-240 

14 

93 

3-95 

24-1 25-0 

15 

95 

3-87 

25-1 26-0 

11 

95 

3-72 J 

(23) Agi* 25 Months (737 

days) Ml* an 

19-6 20 5 

5 

88 

4-39 V 

20-6-21-5 

12 

94 

4-47 

21-6-22-5 

12 

94 

4-26 

22-6 23 5 

22 

95 

4-12 

23-6 24-5 

17 

101 

4-24 * 

24-6-25-5 

15 

98 

3-91 

25-6-26-5 

6 

102 

3-92 

26-6-27*5 

7 

102 

3-77 J 

(24) Agii 26 Months (765 

days) Ml * an 

20*6-21-5 

11 

101 

4-80 1 

21-6-22 5 

17 

105 

i 4-76 

22*6 23-5 

17 

106 

4-60 

23-6-24 5 , 


105 

1 4-37 

24-6-25-5 ’ 

' 18 

109 

4-35 

25-6-26-5 

12 

113 

4-34 

26*6-27*5 

1 6 

108 

3-99 

(25) Age 27 Months (793 days) Mean 

22*6-23-5 

14 

108 

4-69 V 

23*6-24*5 1 

1 

no 

4-57 f 

24*6-25-5 1 

1 9 

114 

4-55 ' 

25*6-26-5 

16 

119 

4-57 1 

26*6-27-5 

17 

122 

4-51 f 

27*6-28-5 

14 

120 

4-28 

28*6-29-5 

7 

121 

4-17 

29*6-30-5 

6 

125 

4-16 J 


83-7 


J 6-56 


7 * 840 , 


92-9 


6 58 


7-090/O 


Fibre 23-3 cms 


96*1 


J 8-14 


8-460/., 


Fibri« Lenc^th 23-8 cms 


106-4 


i8-00 


7-510/., 


117-1 


t: 10-54 


9-010 
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Length* 

Group 

(cms) 



Table l^^ontinued 


1 i 

Mean Number of Crimps 

f 

Mf 


Per fibre Per cm.f 1 


Coefficient 
S.D. of 

Variation 


(26) Age 28 Months (821 days)- Mean Fibre Length 25-9 cms. 


22-6-23-5 

8 

108 

4-69 

' 


23*6-24*5 

9 

108 

4-49 



24-6-25-5 

20 

112 

4-47 

1 


25-6-26-5 1 

25 

113 

4-34 

1 

^ 113-1 

26-6-27-5 

16 

114 

4-21 



27-6-28-5 

9 

118 

4-21 

) 


28-6-29-5 

8 

119 

4-10 




6-62% 


(27) Age 29 Monihs (849 days) Mean Fibre Length 27*2 cms 


24 1-25-0 

8 

111 

4-52 


25- 1-26 0 

15 

116 

4-54 


26-1-27-0 

19 

116 

4*37 

► 

27-1-28-0 1 

1 26 

118 

4-28 


28-1-290 

20 

121 

4-24 


(28) Age 30 Monihs (877 days): Mean 

24-6-25-5 

8 

123 

4-91 


25-6-26-5 

8 

119-5 

4-59 


26-6-27-5 

12 

124 

4-58 


27-6-28-5 

19 

126 

4-49 ' 

> 

28-6-29-5 

22 

129 

4-44 , 


29*6-30-5 

15 

127 

4-23 


30-6-31-5 

6 

127-5 

4-11 

- 

(29) Age 31 Months (907 days): Mean 

25-1-260 

6 

123 

4-81 

"S 

26-1-27-0 

14 

131 

, 4-93 


27-1-28-0 

17 

132 

4-79 


28-1-29*0 

19 

127 

4-45 


29-1-30-0 

1 14 

> 133 

1 4-50 


30-1-31-0 

12 

1 133 

4-35 


31 1-32-0 

10 

125 

3-96 



y 117 4 


db9-94 


8-45% 


126-5 


±7-69 


6-07% 


y 129-5 


19-42 


7 28% 


•Length groups contcuning less than five fibres omitted 

! Per cm of straightened fibre 

Mean number of crimps per fibre taking into account every fibre measured. 
{Months are reckoned as approximately 28 days 

Comparison of the figures in Table I with those presented in Table I of 
the previous paper^ shows that the coefi&cients of variation in total number 
of crimps per fibre (column 7), except in the case of the first four samples, 
are no greater than those found for the various Merino wools studied pre- 
viously. In other words, the general rule that the mean total number of 
crimps per fibre is approximately the same for each length group, holds to 
about the same extent as it did with the previous Merino samples. 

Nevertheless from an examination of Fig. i, where data for samples 
taken at two month intervals are plotted, it is obvious that most of the curves 
show a tendency to slope slightly upwards rather than remain parallel to 
the X axis. This tendency is greater the younger the sample and the shorter 
the fibres. However, the figures of colunm 4 of Table I show clearly that 
the number of crimps per cm. of straightened fibre systematically decreases 
with increase in fibre length. Thus, although the number of crimps per 
fibre does show a slight but regular increase with increasing length of fibre. 
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this increase is not sufficient to suggest that the number of crimps produced 
per fibre is dependent upon the rate of fibre growth (see later). 

It will be noticed from the table that many fibre length groups are 
i'ommon to several samples (of different ages), but almost without exception 
it is found that the older the sheep the greater the mean number of crimps 
per fibre for fibres of the same length. Thus, consider for example fibres 
22-8 cms. long (io*2 cms.); at ages 23, 25. 26, 27, and 28 months, the mean 
number of crimps per fibre for that length of fibre were 86, 92, 96, 103, and 
III respectively. This finding gives strong support to our supposition 
that crimp formation is in no way dependent upon the length of fibre pro- 
duced. Fibres 22*8 cms. long, 23 months old, have 86 crimps, whereas 



fibres 22-8 cms. long, but 28 months old, have in crimps. The older fibres 
are of course the slower growing ones, since they took 28 months to produce 
the same length of fibre produced in 23 months by the younger fibres, 
and, as would be expected, the slower growing fibres have produced more 
crimps than the faster growing ones for the same length of fibre. 

In order to arrive, at some very approximate idea of the rate of crimp 
formation, in Fig. 2 the mean number of crimps per fibre for each sample 
is plotted against the age of the sample. The figure indicates a fairly uniform 
increase in the number of crimps with time, and from the slope of the best 
straight line through the points it is possible to estimate the rate of pro- 
duction of crimps, namely, approximately four crimps per month. 
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With regard to the explanation of the tendency of the lines in Fig. i to 
slope slightly upwards instead of remaining quite parallel to the x axis, it will be 
remembered that a similar tendency was noticed with the short fibres of many 
of ttic Merino samples described in the previous publication, and it was 
suggested that these fibres may have started to grow later than the majority 
of fibres in the lock, or conversely, ceased to grow before the lock was sheared. 
The evidence from the present data supports this supposition, for it is safe 
to assume that all these fibres did not start to grow at the same time*. Such 
an assumption explains at once the marked slope of the curves in the case 
of the samples taken from the very yomig sheep, and the almost total dis- 
appearance of it with the older samples. Thus, at three months the number 
of crimps for the length groups of mean lengths from 2*25 to 475 cms. respec- 
tivelv are 9, 11, 12, 13, 14, and 16, giving a distinctly sloping line. Now, 
supposing this lack (d constancy in the number of crimps can be accoimted 
for on the grounds that the longer fibres were those that started to grow first 
and the shorter ones started later, this explains the slight tendency for mean 
number of crimps per fibre to increase^ with fibre length, for the longer fibres 
are also the older. Further, as the sheep was never shorn this disturbing 
influence should continue to affect the data for all the samples studied, 
although its influence becomes much diminished in the older samples owing 
to the greater influence of differences in rates of fibre growth. Thus, at 
age 31 months, assuming lour crimps to be produced per month, and the rate 
of increase in length to be the same for all fibres, we should get 12 1, 123, 
J25, 126, and 128 crimps respectively. Actuallv we get 123, iji, 132. 127, 
133^ 125 for length groups of i cm. intervals from 25-5 to 31-5 cms. 

lespectively. The line joining these points is much more nearly paralk ‘1 
to the X axis than it was in the case of the sample three months old. The 
reason for this becomes apparent if we assunu' the rate ot growth from 
fibre to fibre to vary during the 31 months of the sheep's life. 1'hus each 
different length group in the older samples must of necessity contain fibres 
po.ss(*.ssing a common rate of growth rather than a common time of origin, 
the difference in length caused by different starting points being largely 
overshadowed by a difference in length caused by different rales of growth. 
As rate of growth does not affect rate of crimp formation, the mean total 
number of crimps p(T fibre for every group tends to be much more nearly 
constant than in the case of the samples from the young lamb, where the 
length groups wen* largely determinecl by the period of time the fibres had 
been growing, upon which factor the number of crimps produced also depends 
In the case of samples of wool trom a shorn sheep the former difference* is, 
of course, practically the only om* that comes into consideration. 

In addition to the considerations cited above there arc two other im- 
portant disturbing influences which must certainly adversely affect the 
constancy of the mean number of crimps per fibre for different fibre lengths. 
The first is the effect of sampling errors. Although the .samples were taken 
from the sheep as clo.se together as possible, when 31 samples are considered 
it is obvious that the cutting of different adjacent groups of fibres for each 
sample is a very poor approximation to the ideal of studving the same fibres 
throughout. Recent work by Roberts* has shown that fint*ness may vaiy^ 
within extremely wide limits over relatively very small areas of skin, and 
there is little doubt that the sampling error with these samples must have 
been considerable. That such a method did have a serious effect is well 
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illustrated by the fact that in a few cases the mean number of crimps per 
fibre was actually found to be less in an older sample than in a younger, and 
the lock correspondingly shorter. Secondly, there is the effect of shed fibres 
and fibres which had ceased to grow. Altliough such fibres were probably 
few in number, any there were must have exerted a certain disturbing 
influence on the regularity of the results obtained. 

In view of these numerous and apparently unavoidable sources of possible 
error the regularity of the data obtamed is all the more striking and shows 
that wlicreas there is considerable variation in the length of the fibres of 
a lock, and also in the total number of crimps in each fibre, there is apparently 
no connection whatever between these two variables 



Fio 1 

In Fig 3 the mean length of the fibres in each group (calculated from the 
measurement of the lengths of the loo fibres taken for the estimation of 
mean number of crimps per fibre) is plotted against the age of the fibre. 
Except for the two points at 20 and 23 months respectively, the points all 
lie about a straight line, indicating a very uniform mean rate of fibre growth 
during the whole of the sheep's life. Evidence of retarded growth owing to 
the abnormal length of wool the sheep earned towards the end of its life is 
lacking. From our point of view it is disappointing that the meai^ growth 
rate is so regular. Had the growth rate curve shown definite portions of 
retarded and of accelerated growth, and had the rate of crimp production 
at the same time shown the straight line which we have in Fig. 2, further 
definite support would have been added to our supposition that crimp 
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production is dependent only upon time, regardless of the rate of fibre growth. 
Deliberate control of the rate of fibre growth by varying the nutritional 
conditions of the sheep, and measurement of a similar set of samples from 
such a sheep, suggests itself as an extension of our investigations. 

PART II— VARIATION IN FIBRE THICKNESS ALONG THE LENGTH OF 

THE FIBRE 

Further examination of this unique set of samples of Merino wool from 
(jrootfontein was made by measuring the cross-sectional area at frequent 
intervals along its length, of each fibre examined for thickness, in order to 
to determine whether or not seasonal changes had any marked effect on 
the thickness of the fibre. 

Preparation of Fibres 

A small lock of fibres was carefully separated from the staple, being 
drawn out from the tip end, washed in ether, to remove dirt and wool fat, 
and dried. Individual fibres which appeared to- have the tip of the fibre 
complete were then selected from the clean lock. A tip comparatively 
straight and free from crimp served to indicate that the tip was not broken 
off. The selected fibre was carefully withdrawn from the staple by means 
of forceps having cork pads on their tips. This device served to secure a 
firm grip on the fibres without damaging them. 

As a preliminary investigation two fibres from each third month's sample 
were examined. These measurements yielded promising results; further 
fibres were therefore selected and measurements of five selected fibres from 
eleven samples (taken at bi-monthly intervals from s(ven months)* were 
carried out. 

Apparatus 

The instrumc'nt used for the measun^ments was the fibre rotator, by 
means of which it is possible to examine a fibre at all points along its length 
and at the same time examine it completely at any given point by rotating 
it through 360®. It has been fully (lescribed elsewhere.^ The fibre to be 
measured was fixed in the chucks and carefully stretched until the crimp 
was just straightened. Readings were taken at intervals of i cm. along 
the length of the fibre, beginning at the tip end. At each point the fibre 
was rotated through 180®, its thickness being measured, at intervals of 30®, 
on its image, which was projeett'd horizontally on to mm. graph paper. 
From the readings the major (A) and minor (B) axes at each point of examina- 
tion were determined and the product of these (AB) taken as representing 
the cross-sectional area, or thickness, of the fibre at that point. 

It was found possible to take the readings correct to the nearest mm. 
of the projected image. The maximum possible eiTor in a reading was, 
therefore, ± 0*5 mm. The percentage possible error in the measurement 
of the major or minor axes depended, of course, on the thickness of the fibre, 
being greater for fine fibres than for coarser ones. The possible percentage 
error on tlie cross sectional area (AB) was, of course, considerably greater 
than that on the major or minor axis alone. It was calculated that for a 
typical fibre the greatest possible error on the cross-sectional area was of 
the order of 40 per cent. At first sight this seems a very high figure, but, 
apart from the fact that errors of measurement tend to neutralise each other 

*Samples less than seven months old at time of cutting were too short for accurate 
examination. 
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and therefore such a high percentage error would be extremely unlikely to 
occur, the actual differences of thickness with which we arc dealing are of 
greater magnitude than could possibly be attributable to experimental error. 
Thus in the mean curve for the longest sample (31 months) the mean 
differences at the maximum points on the curve (taking the minimum point 
as zero) arc Sy%, 100%, and 150% respectively. Curves for individual 
fibres show, of course, still greater differences. Furthermore, the regularities 
emerging from the results obtained are sufficient to justify the method of 
measurement. 

Presentation of Data 

A graph for each fibre mcasurc*d was constructed by plotting cross- 
sectional area against the distance from the tip of the fibre. The mean of 
the results for each set of five fibres (all from the same sample of known age) 
was then found by calculating the mean thickness of the live fibres at each 
corresponding point measmed along the length, to the nearest square mm. 
of the measureil image. From the resulting figures a mean graph for each 
sample was constructed. 

Table II gives a typical illu.stration of the kind of measurements that 
were obtained, and in the last column the calculated mean figures arc given, 

Table 11 

Measurement of Gross- sectional Areas of a Set of Five Typical Merino Fibres, 
all of the same age (31 months), on the Fibre Rotator, at intervals of 1 cm. 
along the length of each Fibre 
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from which the mean curve was constructed. Fig. 4A shows the five curves 
plotted from the figures of Table II, together with the final mean curve 
(Fig. 4B) from the figures of the last column. 



Results and Conclusions 

The final results are presented in graphical form only and appear in 
Fig- 5 - Each curve here presented is the mean curve obtained from the 
examination of a sample of definite age in the manner described^ above. 
In each case the measured variation in cross>sectional area is plotted against 
distance from the tip, the whole figure thus being composed of a series of 
figures of the type shown in Fig. 4B, with a common x axis, arranged one 
above the other to facilitate comparison. 
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An examination of Fig. 3 at once reveals the striking regularity shown in 
the variation of fibre thickness along the length for the different samples 
examined. The most striking common feature of the series of curves is the 
marked dip which occurs in every case at a distance of 7 cms. from the tip 
of the fibre. Slightly less marked dij^ occur at 16 and at 27 cms. from the 
tip respectively. It will be noticed that in the case of the older fibres it has 
been assumed that the tip of the fibre was broken or worn off (indicated by 
the failure of these graphs to extend to the y axis). Visual examination 
of the fibres supported this assumption, especially in the case of the longer 
fibres; while handling them it was found that tip ends of 2-3 cms. broke 
off very easily and many broken tips were found in the distal ends of the 
longer staples. 

There is therefore little room for doubt that with samples over 15 months 
old it was impossible to find fibres with unworn tips. Allowing for this tip 
breakage.* which seems perfectly legitimate, the similarity of the type of 
curve obtained is very remarkable. Thus, roughly speaking, each curve is 
a reproduction of the one above it but with a new portion, representing the 
extra length of the older fibre, at the right hand end of the curve. In other 
words, the older fibres show very clearly in their lip portions the same 
variations in thickness as the younger fibres do along the whole of their length. 
These portions of the older and younger fibres were, of course, produced 
during the same environmental conditions, and the figure shows in a very 
striking manner the marked effect on fibre thickness which these particular 
conditions, whatever they may have been, produced on every fibre examined. 

It will be noticed that in the case of the samples taken at 9, 12, 15, 21, 
and 23 months respectively, the curves show a sudden upward rise at the 
extreme right hand end (indicated by the dotted portions of these curves) 
which is not repeated in the longer curves below them. The explanation 
of this is simple and lies in the fact that each of the curves in the figure 
under discussion is a mean curve. In the particular cases mentioned above 
one, two, or three of the five fibres measured to make the mean curve were 
longer than the rest and consequently coarser. The extreme right hand 
portion of these curves represent therefore the mean of only one, two, or 
three fibres instead of five, and as the longer fibres in question were thicker 
than the rest the resulting mean curves show a false rise at the end, which 
did not occur in the curve for the individual fibre or fibres concerned. 

^ In the case of the sample taken at 23 mouths the mem curve in Fig. 5 
represents the mean of the second set of live fibres measured, the first set 
of five gave somewhat unsatisfactory results owing to the fibres having been 
chosen from a lock of wool, the tip of which was particularly badly damaged. 

Although we have no accurate record of the particular environmental 
conditions obtaining during the life of the animal witli which to compare the 
fibre thickness curves, it is clear from the figure that the ordinary seasonal 
changes to which every animal is subject had a marked effect on the fineness 
of the fibre. Thus, the first sample measured (the top curve in the figure) 
was seven months old when it was cut on 2nd January 1928, and measured 

♦Different rates of growth of the fibres concerned would, of course, also affect the 
position of the marked dip (shown at 7 cms. ), but as tlie mean rate of growth was very 
nearly the same for each fibre measured (l-O-l-l ems./month), and we have no means 
of ascertaining the comparative rates of growth of those portions of the separate fibres 
that were grown in the first seven rnontl^, we have plotted the graphs aU on the same 
horizontal scale, thus assuming comparable rates of growth, but in some cases broken 
tips. 
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7 cms. in length. The sample taken the previous October, age five months 
(which was not measured for fibre thickness), gave an average length of 
57 cms. During the subsequent two months therefore the wool increased 
in length by only 1-3 cms. An inspection of Fig. 5 shows that the sharp 
drop to a minimum at 7 cms. commences in nearly every case at a point 

5 or 6 cms. from the ti]). In other words tlie thinning of the fibre corre- 
sponds with the slower rate of growth and, moreover, dates approximately 
from that period of the year (the middle of November), when the good grazing, 
on which weaned lambs are usually kept, was about exliausted, due to the 
delayed summer rains of that season. Similarly the sharp rise after the 
7 cms. point can be ascribed to the eftect of good feeding after the first 
summer rains. 

Subsequent periods of adverse conditions show their eftect on the thickness 
of the fibre in just the same manner. Thus, the maximum thickness of the 
fibre was reached about a month after the marked thinning shown at the 
7 cm. point on the curves. This thickness was maintained with slight 
fluctuations until about the beginning of August 1928, when the fibres gradu- 
ally thinned down again, for all the fibres examined which were taken on 
22nd October 1928 (at 17 months) showed a decrease in cross-sectional area 
towards their proximal ends. The minimum was reached about the middle 
of October, for each of the fibres taken at 19 months showed a tendency to 
increase in thickness towards their proximal ends, which tendency is clearly 
reflected in the mean graph of Fig. 5. Again, therefore, increase in cross- 
sectional area can be said to date approximately from the middle of 
November. This increase continued mitil another maximum was reached 
about April (shown by the graph of the fibres taken at 23 months and sub- 
sequently) , after which thinning down again occurred and continued graduall\’ 
until the last sample was taken on the 2qth November, aftei which the animal 
died. This final thinning is clearly .shown in the downward slope at the ends of 
the graphs 1 ejiresent ing the samples taken at 25 , 27, and 31 months respectively. 

Adverse conditions are thus shown to have had a more marked eftect on 
the wool of the lamb than on that of the adult sheep This is what would 
be expected, for the gradual starvation suffered by the older animal is known 
to have less effect on the fleece than the sudden change experienced by 
lambs which exhaust the good grazing given tluMU after weaning.^ 

Hs^ertrophy and Atrophy 

During the examination and measurement of the fibn^s a very interesting 
fact emerged which seems to throw some light on the phenomena known as 
hypertrophy and atrophy. Thus, a change in cross-sectional area was 
often found to be preceded by what appe^ared to be a sudden marked increase 
or conversely a marked decrease, in the diameter of the fibre. However, on 
rotating the fibre at this particular point it was found in all cases that this 
sudden change did not represent a real change in thickness so much as a 
change in shape of the cross-section of the fibre. Thus the cross-sectional 
area of the fibre was approximately the same as that measured at the last 
point (i.e. a centimetre nearer the tip end of the fibre, but the ratio of the major 
to the minor axis was vastly difierent. Thus, for example, a fibre measured 

6 X 5=30 at a certain point, and at the next point of measurement 9 x*3==27. 
The change in cross-sectional area (30 to 27) is too small to be noticed on 
the graph, but the change in the ratio between the minor and the major 
axis is from 1*2 to 3*0. It is therefore not without reason to suppose that the 







T240 13 — Crimp in Wool as a Periodic Function of Time — Norris and Claassens 


conditions commonly known as atrophy and h3^rtrophy may be one and 
the same, and that instead of an actual thinning or thickening of the fibre 
all that really takes place is a flattening causing an abnormally thin appear- 
ance in one direction and a correspondingly abnormal thick appearance when 
the fibre is viewed at the same point after having been rotated through 90®. 
Microscopical examination is limited to the examination of one axis only, 
and it is not imjustifiable to suppose that had it been possible to rotate the 
fibre, where cases of so-called atrophy and hypertrophy were observed, as 
it has been possible to do here, a corresponding thickening or thinning, 
respectively, would have been observed after rotating the fibre through 90®. 
This supposition is further supported by the fact that when the minor axis 
of such a fibre was in view the kink or bend at what appears to be the thin 
point of the fibre, t3^ical of atrophy, was plainly visible in spite of the 
slight tension to which the fibre was subjected when imder examination. 

The phenomena described above is well illustrated by the photographs 
shown in Fig. 6. Fig. 6a is a photograph of one of the fibres (aged 31 months), 
from the Merino sheep from which all the samples were taken, actually in 
po.sition in the fibre rotator. The sudden thinning and slight kink so clearly 
seen in the fibre are identical with many photographs of wool fibres to be 
foimd in the literature representing t3^ical cases of atrophy. Fig. 6b is 
a photograph of exactly the same portion of the fibre rotated through 90® 
It can be clearly seen that the spot in Fig. 6a which appeared abnormally 
thin in Fig. 6b shows an abnormal thickness. 

Some Scottish Blackface fibres which were being examined on the fibre 
rotator for a different purpose showed exactly the same phenomena, and 
Dry, in Fig. 4 of his recent paper,® shows a photomicrograph of a Romney 
fibre which clearly illustrates the same point, while Fig. 2 of the same paper 
presumably corresponds to our Fig. 6b. 

In conclusion, the authors' thanks are due to Professor J. E. Duerden 
for so kindly providing the material; to Dr, S. G. Barker, Director of Research, 
for suggesting the work and the interest with which he has followed it; to 
Mr. J. A. F. Roberts for helpful discussions during the course of the work; 
and to Miss D. R. Shaw for her capable and painstaking work in the measure- 
ment of crimp and fibre length. 


SUMMARY 

(1) A unique set of samples of Merino wool, all cut from the same animal 
at monthly intervals during the whole of its life of 31 months, have been 
examined for fibre length, number of crimps per fibre, and variation in 
tliickness along the fibre length. 

(2) The results support the suggestion that crimp formation is a periodic 
function of timt*. No relation is fotmd between the variation in fibre length 
and that in the number of crimps per fibre. 

(3) Measurement of fibre thickness clearly showed the influence of seasonal 
conditions on the thickness of the fibre, and the variation was remarkably 
constant in the different fibres measured. 
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III— ANALYSIS OF SOME LOCKS OF NEW ZEALAND ROMNEY 
AND CORRIEDALE FLEECE WOOLS FOR FIBRE LENGTH AND 
NUMBER OF CRIMPS PER FIBRE 

By Mabel H. Norris, M.Sc. 

(Wool Indubliics Research Association) 

Some samples of New Zealand Romney and Corriedale wool showing 
regular crimp were provided by Mr. D. J. Sidey and were examined in exactly 
the same way as the previous samples.b^ 

The results are recorded in Table I and Fig. i. They are in complete 
accordance with those obtained previously and show the characteristic line 
parallel to the x axis when mean number of total crimps per fibre is plotted 



New" ZcciUxtul Romney cind Cf)mcd«ilc Wools 
(The numbeis correspond with 1hf» numbers of the samples m Tabl< i ) 


against length of fibre Such a graph indicates thc' complete independence 
of fibre length and total number of crimj)*? pi*r fibre rather than a constancy 
of total number of crimps per fibre in thc lock This point may not have been 
sufficiently stressed in our previous discussions, but is cleaih' demonstrated 
if thc data be considered in the following way. That the total number of 
crimps per fibre does vary considerably from fibre to fibre is shown by the 
figures in column 6. The standard deviation from the mean in these wools 
lies between 2 and 5. It is therefore possible to arrange the data into groups 
of fibres, the individual fibres of each grouj) possessing the same number of 
crimps per fibre but varying fibre lengths. This has been done in the case of 
sample No. 8 and the figures are collected in Table II. The result is that 
the mean length of the fibres in the lock appears there as an approximate 
constant while the number of crimps varies. The standard deviation 
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(±2*31) from the mean length (22*42 cms.) is almost the same as the standard 
deviation (± 2 - 22 ) from the mean number of crimps per fibre (47-4). In 
other words, it is not that the number of crimps per fibre is constant for all 
fibres in a lock, but that the extent of the variation is approximately the 
same within each group of fibres (of the same length) whether they are 
short or long. That is to say, variation in length of fibre and variation in 
total number of crimps per fibre are in no way related. Further, from the 
data we have been able to collect, up to the present, it appears that rate of 
crimp formation is dependent only upon time and is not affected, as is rate 
of fibre growth, by external conditions of environment. It would appear 
probable that each follicle has a characteristic rate of crimp production 
which remains the same, while the length and thickness of the fibre it produces 
varies with the condition of the sheep. It is not possible, however, finally 
completely to establish the truth of this suggestion by making comparisons 
between different fibres as we have done, although the evidence so 
obtained seems to point in this direction. 

It is proposed to continue the investigation by the examination of single 
fibres for total number of crimps and mean thickness in order to discover 
what relationship, if any, exists between crimp and fibre fineness. 

Table I 

Analysis of Locks of New Zealand Fleece Wools for Fibre Length and 
Number of Crimps per Fibre 
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♦Groups containing less than hvc fibres omitted 

fMean length of fibres taking into account every fibre measured 

The author wishes to thank Miss D. R. Shaw for assistance in the counting 
of crimps and the measurement of fibre lengths. 

SUMMARY 

Locks of New Zealand Romney and Corricdale fleece wools have been 
examined for number of crimps per fibre and fibre length. Variation in 
number of crimps per fibre and in fibre length are found to be in no way 
related. 
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15— THE THERMAL INSULATING PROPERTIES OF FABRICS 

By M. C. Marsh, M.A., B.Sc., A.Inst.P. 

(Wool Industries Research Association) 

SECTION I—INTRODUCTION 

The original object for which fabrics were made was clothing, and this 
still remains the main use of fabrics. The two principal factors in choosing 
clothes are appearance and their property of. acting as suitable thermal 
insulators, and hence these are the most important properties of a fabric. 
Other properties, such as tensile strength, transparency to light, especially 
ultra-violet, and waterproofness, are usually secondary considerations to 
most users of fabrics. Appearance, while involving colour and reflecting 
power which can be measured, has not yet been expressed in physical terms. 
In thermal insulation, however, we have something which can be measured 
and expressed, at least comparatively, in physical units. 

From very ancient writings, it is clear that the differences in thermal 
insulation between fabric material have been recognised for many centuries. 
Linen has always been regarded as cool and wool as warm. This is very 
easily tested by practical experience, and the result is that most nations have 
developed a style of clothing suitable for their own climate and for different 
seasons of the year. Speaking generally, the colder the climate, the greater 
the weight of clothes worn, but to this there are some very marked exceptions 
which need not be considered here. 

A consideration of heat loss from the skin from the physiological point of 
view is interesting. In temperate climates the temperature of a human 
being is generally higher than that of the environment. Heat amounting to 
80% of the total produced in the body under normal conditions is lost from 
the skin mainly by radiation and convection. This heat is replaced by the 
blood flowing through the skin. The size of the cutaneous vessels is altered 
to regulate the flow and thus keep the body at an approximately uniform 
temperature. There are limits to this regulation, and if the loss of heat be 
too great owing to very low temperature surroundings or absence of suitable 
clothing, the temperature of the body will fall, causing at first discomfort, 
then paralysis, and finally death. 

On the other hand, if the surroundings are at a higher temperature than 
the body, convection and radiation are of no use for the removal of heat, 
although the production of heat is still going on. The evaporation of 
perspiration, however, is able to remove large quantities of heat, and this is 
the normal way of preventing excessive rise in temperature. 

The general function of clothing is, therefore, to prevent excessive loss 
of heat from the skin, although in tropical regions it has the opposite use— 
the prevention of the sun's actinic and thermal radiations from reaching the 
body. This latter use has been studied by Gregory.*’ 

F— TRANSACTIONS 
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It may be pointed out here that it is not exactly the thermal conductivity 
whidi is a measure of the value of the thermal insulation of a fabric. This 
will be readily seen by consideration of th^ thermal conditions of a body 
covered with clothes. Between the skin and the first fabric and between 
each two successive fabrics there will be air spaces. These spaces may be 
due to the fact that the garment is not tight, but even if it is uncomfortably 
tight there is usually a film of air beneath it, caused by the projecting hairs 
from the skin or the projecting fibres from the fabric. It has been shown 
that these minute air films have a great thermal insulating value and must 
therefore be considered. 

For the sake of simplicity a simple case may be taken in order to see the 
factors involved in thermal insulation. Consider a single thickness of fabric 
covering the skin and separated from it by a layer of air, the whole in sur- 
roundings cooler than the skin. There will be heat loss directly from the skin 
to the surroundings by radiation and convection through the holes in the 
fabric. The rest of the heat loss will be conveyed across the air space to the 
inner surface of the fabric, then through the fabric, and finally lost from the 
outer surface. In all of these transfers, conduction, convection, and radia- 
tion will play their parts, but in a different proportion in each case. 

It will thus be seen that there is much more than the tliermal conductivity 
of the fabric to be considered. It is quite possible to conceive two fabrics 
having the same thermal conductivity as measured in the ordinary way, but 
one having an open structure and the other a close one. The former will 
allow much greater loss of heat by radiation. Further than this, there is 
the question of thermal transmission by evaporation and condensation of 
moisture, which is still further complicated by the wetting of fibres of the 
fabric. 

It will be seen, therefore, that even in the simplest case, lieat transfer is 
complicated. In the work described in this paper the heat flow under 
equilibrium conditions of this simple case in still air and without movement 
of moisture will be measured. This may be considered as a first approxima- 
tion to the measurement of the thermal insulation of a fabric under normal 
conditions of use, 

SECTION II— PREVIOUS WORK ON THERMAL INSULATING 
PROPERTIES OF FABRICS 

Since thermal insulation is one of the most important properties of a fabric 
there has been, as might be expected, a large amount of work done on this 
subject. 

A thorough search of the literature on this subject reveals a large number 
of independent researches which are difficult to correlate either in materials 
or in method of presentation of results. There is little work which takes in 
a wide enough range of fabrics to draw general conclusions as to the relation 
between the thermal insulating properties of a fabric and its other physical 
properties while undbr test. Some of the work has aimed solely at providing 
a simple, approximate, comparative test, and this often results in tiie absence 
of precautions necessary in thermal measurements. Sensitivity and accuracy 
are frequently not mentioned, while the effect of such factors as humidity is 
only vaguely touched upon or completely omitted. These rough methods 
have, however, a sphere of usefulness. 
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On the other hand, there are many researches in which the physical side 
is beyond reproach. Every necessary precaution has been taken and the 
results are thoroughly reliable. It is unfortimate, however, that with most 
of this good work, fabrics are only mentioned among many other insulators, 
or if fabrics are the main interest, the work has been confined to a small 
range and sometimes to one type of fabric only. 

It appears, from a general review of all the work that the thermal insula- 
tion of fabrics varies with the weight per unit area and the thickness. The 
general impression of most workers is that the air enclosed in a fabric has 
a very important bearing on its insulating properties. 

In the consideration of previous work it will be convenient to divide 
the experimental methods which have been used into four classes — 

(1) Methods in which the fabric is held between two plates at different 
temperatures, and the rate of flow of heat through the fabric is 
measured. This method gives what is usually called the thermal 
conductivity of the fabric and may be termed the “disc” method 

(2) Methods in which a hot body is wrapped with the fabric and its rate 
of cooling measured. The outer surface of the fabric is exposed to 
the air and is not in contact with any solid substance. (Cooling 
method.) 

(3) Methods in which a body wrapped with the fabric and maintained 
at a constant temperature by a controlled supply of energy. 
(Constant temperature method.) 

(4) Miscellaneous methods which cannot be put into any of the three 
above classes. 

The papers in each of these classes will be reviewed in tlje approximate 
order of publication. 

Disc Method 

This method, in which the fabric is between two surfaces, gives the thermal 
conductivity of the fabric under the conditions of experiment. Pressure 
will be exerted on the fabric and its properties will thus be altered. If the 
pressure is great in order to get good thermal contact, this change will be 
large, whereas if the pressure is small, the thermal contact may be so poor 
that the surface resistance may be comparable with the resistance of the 
fabric. The values given are therefore the thermal conductivities of a 
compressed fabric imder a pressure which should be stated. 

Lees^ used the “divided bar” method of finding the thermal conductivity 
' of crystals and other substances. He measured the temperatures along the 
bar, which was of brass, by means of thermo-couples of copper and platinum- 
silver alloy, in shallow mercury cups. The thermal conductivity of the bar 
was first found by doing two series of experiments, one to determine the 
rate of loss of heat from the surface, and the other to determine the dis- 
tribution of temperature along the bar. He tested several textile fabrics 
by this method, but the thickness values are only approximate. 

Lees and Chorlton (1896)* investigated the thermal conductivities of 
various substances among which were some fabrics. The apparatus, which 
was designed to be simple and tended to be empirical, consisted of a flat 
cylindrical vessel measuring 11*4 eras, in diameter and 3 cms. in depth, the 
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bottom of which was a thick circular plate. In this a radial hole was bored 
to carry a thermometer. Another plate also with a radial thermometer was 
hung below this, and between them was the substance to be tested. Steam 
was passed through the cylinder until the temperature was nearly 100° C. 
Another thermometer was placed horizontally about 20 cms. below the lower 
disc to record the temperature of the air approaching it. The surfaces in 
contact with the material were amalgamated so that if a solid was tested, 
thermal contact could be established by a thin mercury film. Thickness of 
the material was obtained by measuring the distance between pegs projecting 
from edges of the two discs. Steam was passed until the temperature of the 
lower disc remained constant. From the temperature gradient, the thermal 
conductivity can be foimd. 

This method was improved later by Lees.® This was his disc method 
and is too well known to call for description. It should be noted that Lees 
smeared glycerine on his plates to get good thermal contact. 

Randolph (1912)^ used a hot plate 7^ in. in diameter, heated electrically 
to temperatures from 100® up to 600® C. The cold plate was water-cooled 
and in two parts, the outer forming a guard ring, always kept within o-i® C. 
of the centre portion and without metallic connection to it. Platinum and 
platinum iridium thermo-couples were used on the two plates, and the heat 
flow was measured by the rise in temperature of the water stream. His 
materials were packed together by tapping, then compressed by 25 per cent. 
He got an accuracy of 2% but a variation between samples of 5 per cent. 

Bauer® adopted a strange method of measuring the thermal insulation of 
fabrics. A copper bottle with a flat bottom 5-5 cm. in diameter, whose sides 
were well insulated, rested on felt on a wooden block. The bottle was 
provided with a thermometer and contained 200 cc. of water which was 
heated by steam to 100® C. A thermo-couple (iron-constantan) was then 
placed under the bottle and a cooling curve determined, readings being 
taken every two minutes for 90 minutes. This was repeated with the fabric 
between the bottle and the felt. The ratio of the areas under the curve gave 
a ^heat-protection** number. No relation was found between this number 
and thickness, specific gravity, nature of material, etc. This method is said 
to be used at the German Testing Bureau.® 

Lees* disc method was again used by Emily S. Rood,’ who corrected for 
changes in emissivity with temperature which amount to 4-10% change in 
the results. The discs were 4 cm. diameter and 3 mm. thick, and provided 
with copper conbtantan thermo-couples. Readings were taken when the 
temperature change was less than 0-05® C. in 15 mins. The temperature 
differences between the faces of the fabric were 3-9® C. and its temperature 
30--40® C. Different values of the conductivity for multiple layers were 
found due to the drop in temperature between the copper and fabric surfaces. 
The samples were all dried previously over calcium chloride, which was also 
in ihe calorimeter containing the discs. When the drying was omitted 
a higher value was obtained, showing that increase of regain lowers the 
conductivity. The thickness was measured to an accuracy of 2% with the 
samples under a pressure of 6 grm./cm.® The estimated error in the thermal 
conductivity was 1% for wool and 2% for cotton. The general conclusions 
were that for woollen materials a loose texture increases the '‘warmth.** 
For silk the conductivity varies approximately as the density and the order 
of textiles for warmth is silk, wool, artificial silk, linen, cotton. 
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At the National Physical Laboratory, Griffiths and Kaye* have measured 
the conductivity of many materials, including fabrics. They do not use a 
guard ring, as the samples are thin compared with their cross section (45 cm. 
diam.). The hot face is a copper block heated electrically, the current and 
applied potential being measured by potentiometer. Two samples, one each 
side of the block, are used, and the energy passing through the samples was 
also measured by a water-flow method. The surfaces of the block were 
amalgamated and flooded with mercury to get good thermal contact. Tem- 
perature measurements were by copper-constantan thermo-couples. The 
heat lost from the edges was calculated from calibration of the instrument 
with balsa wood. For thick specimens the thickness was measured by 
micrometer with the sample under a definite pressure. The thin ones were 
measured in a sjxicial apparatus normally used for testing slip gauges. Tt 
was found that several thicknesses did not give the sum of the individual 
thicknes.ses. The order of accuracy of the method is about i per cent. 

A wory similar method, xising a central electrically-heated di.se between 
two samples, was used by Helen Staff.* Experiments were made with the 
sample nearly at room temperature and with various water contents. 
Approximately linear relations between conductivity and regain and between 
conductivity mid the square of the relative humidity were found. The 
increase in conductivity for wool for 1% incr(‘ase in regain is 17 to 2*0 x lo"* 
and for cotton, 3*9 to 4*0 x 10“* C.G.S. units. 

Miller’* has used this method for the .similar problem of the effect of 
humidity on the various fibrous sheet in.sulating materials u.sed in building. 

More recently Speakman and Chamberlain^' have refined the disc method 
by making the cold plate* a guard-ringed Bunsen ice calorinu*ter, while the 
hot side is a cylinder containing water wlio.se temi^erature is thennostatically 
controlled. The thickness of the sample may be measured under test. 
This method is considered to be among the best of the thermal conductivity 
measurements. 

An apparatus is in use at the Massachusetts Institute of Technology, 
Cambridge, Mass., U.S.A., consisting of a circular electrically-heated plate 
with guard ring on one side of the fabric and a water-cooled plate at the 
other. Temperatures are read by thermo-couples and potentiometer when 
thermal equilibrium is reached. No published details arc known. 

Nussclt’® used a method involving concentric .spherical shells, and there- 
fore had to use loose fibres and not fabrics. Similarly with the work of Lamb 
and Wilson,^® who used concentric cylinders, fibres were packed into the 
space between their curved surfaces and ends. While not directly applicable 
to fabrics these methods are interesting to note in passing. 

Cooling Method 

This method is perhaps the simplest of all for roughly estimating the 
thermal insulating properties of a fabric. The apparatus needed is of the 
kind ready to hand in every laboratory. The ease wdth which it is applied 
has probably caused some to use it without due consideration of essential 
precautions and of the meaning of the results. 

This method is employed by Guido Colombo.^* He heated electrically 
a closed cylinder, measuring 140 mm. by 50 mm., and filled with mineral oil. 
This cylinder was suspended by a thermometer inside a perforated metal 
cylinder 200 nun. by 80 mm. Round this outer cylinder the cloth was 
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wrapped and the whole apparatus was then placed under a bell-jar at constant 
temperature. He then measured the time taken to cool through a definite 
range of temperature. This method is interesting as being the only one in 
which tlie fabric was not wrapped directly on the surface of the cylinder. 

In 1921, Priestman^® used a similar method, his apparatus consisting of 
three copper cylinders with insulating lids. They were 10 in. high and 10 in. 
in circumference, and each held i litre of water. He heated them to boiling 
point and, by means of a thermometer in the water, read the fall in tempera- 
ture in one hour. No stirring is mentioned. He found that a thin cloth 
increased the loss of heat, so he coated the cylinders with thin cashmere, 
and wrapped the samples over that. In order to compare effects, he left one 
cylinder bare, covered one with the standard cloth, and on the remaining 
one he placed the sample to be tested. These were changed to the other 
cylinders in turn, and the mean results of the tests were taken. The only 
measure of heat loss given is the fall in temperature, but the temperature of 
the surrounding atmosphere is not given. Pricstman also experimented 
with the cylinders in a wind tunnel and tried to separate radiation from 
conduction, but lack of proper units made his (efforts practically useless. 
He does not mention effect of humidity, or thickness and weight of cloths 
used. An unsuccessful attempt at a constant temperature method was 
made. 

Techoueyres and Walbaum^® also used this metliod, but with greater care. 
They used blackened cylinders equal in dimensions and mass, and holding 
equal quantities of water. The water was allowed to cool from 40'' C\ to 
30® C. in air at 17® C. The cylinders were then wrapped in a single layer 
of fabric, and cooling curves obtained. It was found that, in a dry state, 
.silk, cotton, and wool had practicallv similar effects upon the rate of loss 
of heat, but that thickness and .surface density affected it. Fabrics damped 
with a salt solution (to represent artificial perspiration) were tested. Wool 
showed little change, but silk and cotton had a much greater loss of heat. 

The only results given are curves without experimental points marked, 
and no experimental details are given. 

Bachmamd’ used the Hill Katathermometer,’**d» an alcohol thermometer 
with a bulb of 22*6 square cms. surface area. He measured the time taken 
for its tem|xirature to fall from 38® C.~35® C. h'rom this and the constant 
of tlie instrument was found the loss in heat per square cm. in nigm.- calorics 
per second. The fabric to be test(‘d was wrapped round the thermometer, 
and times of cooling noted. It was foimd that for results of any value the 
sample must be at the same temperature as the thermometer at the start 
of the experiment. Other improvements would be a larger surface area, 
and longer time of cooling. Baclimann found that very thin samples allowed 
greater loss of heat than the naked instrument. This, however, was shown 
to be the effect of difference in temperature between the sample and the 
Katathermometer. 

Another instrument embodying the improvements already mentioned, 
together with a different range of temperature, has been constructed. 

Before they heard of the work of Techoueyres and Walbaum, Dantzer 
and Roehrich" used a blackened' brass cylinder filled with hot water and 
suspended in a glass vessel to prevent cooling by draughts. The air tempera- 
ture was 25® C., and cooling was timed from 50® C. to 40® C.; times for 45® C. 
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and 42® C. were also taken. The flannel, 700 square cms. in area, was round 
the cylinder, while the base was insulated by a circle of eiderdown. Experi- 
ments were performed with moist and dry cloths. The conclusion reached 
was that a flannel to be warm should be well raised and not merely a web of 
wool. Moist cloths were foimd to give greater apparent heat transmission, 
owing to evaporation. 

Wagner** reports some work of Stonawski, using the cooling method of 
a fabric-jacketed brass cylinder for ten fabrics. He attributes the method 
to Muller but gives no details or references. The only work by Muller 
which can be found employs the constant temperature method. 

A somewhat similar method to that of Dantzer and Roehrich was used 
by Schofield,** who coated a calorimeter with the fabric to be tested. This 
was placed inside a larger vessel surrounded by water to keep the temperature 
constant. 

The results of all these experiments are given as times of cooling, and 
apply only to the apparatus and temperature used. Tiicy cannot, therefore, 
be compared to any advantage. It may be remarked here that experiments 
with damp cloth may lead to erroneous results, owing to the absorption ot 
the latent heat of water evaporated. 

Constant Temperature Method 

This method has been used in work which may be considered the best 
of any yet done on the tluTmal insulation of fabrics. The chief advantage 
lies in the fact that the mcasutements of heat arc replaced by those of 
electrical energy, and can, therefore, be made more easily and more 
accurately. 

Haven,** in liLs caily experiments, used the cooling method to test the 
relative warmth of cotton and wool blankets. His first method was to 
measure the rate of cooling of iron pipes, Oo in. long and 4 in. in diameter, 
containing water and wraj^ped in the vaiious blankets under test. Later he 
used a constant temperature method, the heat lost being made up by electric 
heaters, which were switched on and oft by a mercury thermostat. 

The heaters were in a copper tube 60 in. long and 4^ in. in diameter; the 
remaining si)acc was filled with water, and the ends of the tube were capped 
with a thermal insulator to prevent end losses. The thermostat and a 
thennometer were inserted in side tubes in the centre of tlie main tube, 
involving the cutting of holes in the specimen blanket. The blankets, under 
constant tension, were wound round the cylinder three times and sewn down. 
The current and voltage were read every 30 seconds, and the times of 
operation of the thermostatic relay noted. The results are claimed to be 
accurate to four significant figures. Thickness measurements were made by 
a micrometer and plate witli electric contacts. The conclusion reached was 
that a well-napped cotton blanket was nearly as warm as a woollen blanket 
of the same thickness, the main part of the insulation being due to the air 
enmeshed in the blanket. 

Further experiments performed by the Bureau of Standards**»**»**»*^ 
embodied the same principle as that of Haven, but the heater was a square 
plate, 1,000 square cms. in area, with a surrounding guard ring. It was 
heated electrically from below, and thermo-couples were provided at many 
places for measuring the temperature, and the difference in temperature 
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between the plate and the guard ring. The whole heater was set in a wooden 
board, and another similar one mounted in the other face to prevent heat 
flow through the board. Energy and temperature measurements were made 
by potentiometer. The fabric was stretched over the plate at constant 
tension by passing it over rollers at the edges and attaching weights. The 
thickness was measured by thrusting a needle of known length through the 
fabric and measuring the excess length. The tests were carried out in a room 
at 70° F. and 65% R. H. The various currents were controlled and equili- 
brium was reached in about hours. Independent tests agree to within 
I per cent. Further experiments showed that cotton sheeting placed above 
the blanket increased the thermal resistance, especially when the blanket had 
a loose weave and high nap. This was taken as an indication of the high 
value of enmeshed air in thenqal insulating media 

Next, the effect of laundering upon the thennal resistance was in- 
vestigated. In a washing machine of the cylinder type, washing with soapy 
water proceeded for ten minutes, and then rinsing for two minutes. Surplus 
moisture was extracted, and the blankets dried on frames and renapped. 

Tests were made on the new blankets, which were then washed. A 
second test was made, and then the blankets were renapped and tested a 
third time. One blanket was washed and renai)ped four times. It was 
found that washing lowered the thermal resistance, whilst renapping increased 
it again to its former value. Shrinkage increased the resistance by thickening 
the blanket. 

A rather different method was employed by Floyd and Baker.*® They 
used a copper cylinder, 4 in. long and 2 in. in diameter, which was filled with 
oil and heated electrically. The oil was stirred, but no correction was made 
for the energy imparted. The cylinder was covered with the fabric, but the 
top and neck of the cylinder and the leads were left uncovered. The cylinder 
was suspended inside a water- jacketed cylinder, the water being stirred, and 
the air in the annular space was kept in slow circulation by a small fan. 
Mercury thermometers showed room, water, air, and oil temperatures. 
Current and P. D. were measured with and without the fabric, which formed 
a cap on the cylinder. The “protective ratio” is the ratio of the watts 
supplied in the two cases. These investigators noted the humidity of the 
air. Expressed as a percentage, the saving in energy divided by the energy 
used by the bare cylinder was called the “protective value.” The “protective 
ratio” was foimd to be constant between 5® and 35® when the air was dry, 
but low regain gave it a high value. For flannels it was found to depend 
on whether the nap was inside or out. 

Muller*® has used the Davos frigorimeter, which consists of a blackened 
copper sphere of 1767 square cms. surface area, in the investigation of the 
thermal insulating properties of stocking fabrics. The sphere was moimted 
on a plate by means of a metal tube containing a specially constructed 
•‘contact thermometer.” The sphere was heated electrically to 33® C., and 
the temperature was kept constant by the “contact thermometer.” A 
special clock showed the time during which current was supplied. The 
thermal properties of a number of stocking fabrics were examvied in the 
neighbourhood of 8® C,, and in still and moving air, by covering the sphere 
with the material to be examined, and installing the apparatus in a double- 
doored ice box. From the results it appears that in stfll air more heat was 
given off when the sphere was covered with ladies* stocking than when it 
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was bare. In moving air, the same material retained a small amount of 
heat, which, however, is much less than that retained by men’s stocking 
fabric. 

Freedman*® used a cylinder containing a heating element and covered 
with the fabric to be tested. This cylinder was placed in an air diict whose 
temperature was altered by means of a refrigerator. A motor-driven 
blower kept the air circulating at desired velocities. By means of a xylene 
thermometer and electrical contacts, the temperature of the cylinder was 
kept at some point between 90° and 100° F., while the duct temperature 
could be varied from 20® F. upwards. For a given wind velocity and duct 
temperature, the electric current was varied until a steady temperature 
difference was reached, and then the energy required was taken as a measure 
of the thennal conductivity of the fabric. Wool, wool and cotton, anil 
cotton fabrics were tested, besides some Alaska seal peltry. The fur had 
the greatest heat-retaining power in both stiU air and winds, and wool proved 
to be a better insulator than cotton on the whole. 

Again, owing to the differences in the method of expression of the 
results, a comparison cannot be given. 

Other Methods 

Some methods which do not come in any of these three classes are detailed 
below. Wliile some have not to be used for fabrics, they would apply if 
necessary, and arc included to give an idea of the many methods available. 

Heat insulators were tested for efficiency by Thomas,*^ who used a copper 
can 8 cm. in diameter and to cm. high. Two holes were bored diametrically 
in its curved surface, and into them were fitted rubber stoppers which held 
in position a copper tube of iq mm. internal diameter. Rubber stoppers 
which closed the ends of this tube held in position another tube of external 
diameter 12-2 mm. SupiThcated steam was passi'd through the inner tube, 
the annular space between the tubes being packed with the insulator under 
test. The rise in temperature of a known weight of water, contained in the 
can, was noted during a definite interval of time. The can was lagged with 
asbestos to prevent outside heating from waste steam. Thomas found that 
thickness of insulator compared with diameter of inner tube affected heat 
loss enormously. He used such insulators as magnesium, kieselguhr, and 
asbestos fibre, and gave his results in tables and graphs. 

Experiments on the comparison of woollen and cotton blankets as lieat 
insulators were performed by Lewis.***®* He used cork test boxes 12 in. 
square, and heated them by clectrk'ity, the heaters being shielded with 
black cardboard. Two boxes were used simultaneously for purposes of 
comparison. The blankets covered the open tops of the boxes and were 
weighted evenly at the ends. He had voltmeters and ammeters in the 
circuit, and thus measured the energy input. The woollen blankets were 
fotmd to be warmer than the cotton ones, but weight for weight one cotton 
blanket gave better results than the woollen ones. The effect of washing 
and of humidity was to lower the retentive power of all the blankets, but as 
the wool fibre is springy, the effect of washing on the woollen blanket was 
not nearly so drastic as on the cotton one. At 100% relative humidity the 
cotton and woollen blankets gave approximately the same results. 

A somewhat similar method has been used by Centmaier,®* the fabric 
being clamped between two “pots,** one containing a source of heat and 
the other a thermometer. 
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Rubber treated with various pigments was tested by Williams** for con- 
ductivity and diffusivity. He used a thin copper cylinder 4 in. in diameter 
and 5 in. high. This he coated with the substance under test. Steam, 
previously dried but not superheated, was passed in by a tube reaching 
nearly to the bottom of the cylinder, and the outlet had a baffle plate just 
below it to prevent water miming back. A thermo-couple was introduced 
in a capillary tube and recorded the temperature. The whole apparatus 
was totally immersed in a constant temperature bath, and the weight and 
thickness of the substance under test were measured. The method for finding 
difiusivity consisted in rolling a sheet of the material in the form of a 
cylinder. The outside was kept at constant temperature by coating the 
cylinders with aluminium foil and immersing them in boiling water, and the 
temperature at the centre was recorded by a themiocouple fastened on the 
inside edge of the roll. Graphs and tables ol results are given, together 
with an equation connecting conductivity and diffusivity. The cell method 
is considered to be more accurate, but the roll method more convenient. 



The Fabrics Co-ordinating Research Committee*® has found that the 
wearing of a light mackintosh over soaked clothing greatly reduced rate of 
I0.SS of heat from the body. 

Tropical clothing has been tested for transmission and reflection of 
radiant heat by Gregory,*’ who used, as a source of radiant heat, a furnace 
supplied with current from an accumulator. The fabric was wound round 
two rollers, so that successive portions might be tested. About 8 square 
cms. were tested at once, the heat transmitted or reflected being measured 
by a Moll thermopile. By sewing strips of different fabrics together, they 
could be tested under the same conditions. Between the strips were placed 
pieces of paper, having 2 in. squares cut from them in order that the total 
radiation might be measured without disturbing the fabric. Graphs are 
given showing the amount of heat reflected or transmitted at different angles. 

The effect of humidity was also investigated. The test chamber was 
dried for five days with phosphorus pentoxide, and then the air was con- 
ditioned by being passed over sulphuric acid solutions giving the desired 
humidity. High humidity gives less heat transmission, but only affects 
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reflection very slightly. Washing was found to increase transmission, due 
to the removal of filling. 

A recent paper*® by the same worker, gives particulars of another 
apparatus which measures the reflected, transmitted, and absorbed radiant 
heat by water flow methods, using a gas-filled electric lamp as a source of 
heat. Reflection varied from 6o% to 40%, while transmitted ranges from 
5% to 44 per cent. 

In order to test the effect of the colour of materials on the loss of heat 
from the body, Skowronski®® made a scries of experiments by means of 
the **thermoscope galvanometer," Hill's Katathermometer, and Stephan's 
calorimeter. He used linen, aniline dyes, and Chinese ink. He describes 
minutely the methods employed, and furnishes graphs and tables. He 
arrived at the conclusion that the natural pigment of clothing materials 
does not have any effect on the loss of heat from the body, but that when 
aniline dyes are used there is a reduction in the transmission of heat. In 
further investigations he found that linen dyed with aniline black or Chinese 
ink was the worst conductor of heat, and that this did not depend on the 
blackness but on the pigment. 

EXPERIMENTAL 

It was thought necessary to test the fabrics for heat insulation under 
conditions approximating as nearly as possible to those obtaining in actual 
use, and with this end in view previous methods were considered. At length, 
the cylindrical type of heater, similar to that employed by Haven but with 
guard rings was adopted as this body is most easily covered without de- 
formation of tin* fabric. The constant temperature method was chosen 
as being more reliable than cooling or other methods, energy being supplied 
from large capacity ac'cumulators. In this way the measurements were 
practically all electrical, and could be obtained with greater accuracy than 
is possible with measiiremcnls ot heat. 

The '‘heater" (A, Figs, ia 
and ib) consists essentially of a 
copper tube containing windings 
of resistance wire. The tube has 
a diameter of about 5*5 cms., and 
the central portioai is 25*0 cms., 
while the guard ring at each end 
is 10 cms. long. 

Two discs of red vulcanised 
fibre insulate the end tubes from 
the central one electrically, and, 
to some extent, thcnnally. Two 
similar discs close the ends, and 
are drawn together at their 
centres by screws projecting 
from the ends of a rod of 
vulcanised fibre B, thus clamp- 
ing the whole "heater" together 
solidly. 

Cross-section at ZZ Fig. la. The surface of the "heater" 

Fig- ip was thoroughly cleaned and 

coated with shellac varnish, which is non-tamishing and easily reproduced. 
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On the central rod are supported the three heating coik, made of Eureka 
wire wound on quartz insulators The resistance of the central coil is about 
6 ohms, and that of the guard ring coik about 10 ohms. 

The leads to these coik are heavy copper wires insulated Avith glass 
tubing. These leads end in three terminak at the front of the tube, while 
the “common return” is soldered to a plate at the other end. 

The thermo-couple N, which eliminates the need for a merchry ther- 
mometer, was placed at the central point of the tube, while the cold junction 
is on the outer tube. In the same radial plane differential thermo-couples 
00 are provided between the central and end tubes. The thermo-couple 
leads are all carried inside the tube, and insulated and protected from injury 
by glass tubing. 

The far end of the heater is supported by a three-legged spider C, which 
is clamped round it by three screws. The legs are provided with rubber 
rollers, which prevent scratching of the inner surface of the outer tube. 

The ends of the outer tube were closed to prevent draughts by two 
Monel-metal “plates.” Each plate consisted of two discs between which 
a rubber ring of the same outside diameter is held. In each of the “plates” 
is a laige tap to allow air to be circulated in the annular space between the 
heater and outer tube. One plate is attached to the heater. Leads for the 
heating currents and thermo-couples pass through this plate. The terminak 
which take the current through tlu^ plate are insulated by a special rubber 
air-tight joint The plate at the other end of the apparatus has a central 
insulating bush for three spring contacts, which impinge on the plate M 
on the “heater.” 



Surroundlniis 

The outer tube D is built into a tank which can contain watg-. Thk is 
stirred and circulated by the long paddle K, which is driven by an electric 
motor through a worm gear. The inside surface of the outer tube was 
blackened to obtain an untamkhable and enduring surface. Water from 
the mains is supplied by a pipe G, perforated with holes and running abng 
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the bottom of the tank. A large tube L with many holes prevents over- 
flowing, and a drain tap is provided. An independent cooling or heating 
system H runs the whole length of the tank. 

An air circulation system is provided for changing the humidity (Fig. 2). 
A small centrifugal fan pumps air through the wetting or drying system to 
the chamber round the "heater,"' through a sample bottle containing clippings 
of the material under test, and then through a combined flowmeter and 
manometer. The pressure inside the chamber is always kept rather above 
atmospheric, so that leaks are outwards. The only possible inward leak 
is through the fan bearings, and all air entering this way has to pass through 
the drying or wetting system before reaching the experimental chamber. 



The drying system consists of several calcium chloride tubes, while the 
wetting system is a number of wash-bottles immersed in the water in the 
tank. By weighing the sample bottle and contents from time to time, the 
hygroscopic state of the fabric under test could be estimated. 

At first the fabrics were made inta sleeves fitting directly on to the 
"heater," but later a definite air film was created beneath the fabric, by 
using woven wire frames of open mesh and fine gauge. One frame fitted 
closely on the "heater," but the second and third measured 6-5 cms. and 
8*0 cms. in diameter respectively, and held the fabric completely dear of 
the "heater" surface. 
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Energy Ck>ntrol and Measurement 

In order to get a very steady current for the heating coils, large capacity 
accumulators were used. It was quickly found that variations in the guard 
ring circuit influenced the main circuit, and so a separate battery was 
provided for the guard-ring “heaters/' The circuits for the last mentioned 
were next separated, except for the common wire inside the “heater." 

Three spring contacts in the end-plate serve for the main heater circuit, 
guard ring heaters circuit, and voltmeter lead respectively. These contacts 
keep the circuits separate and make control easier. The currents are 
controlled by ordinary rheostats, the central portions being also provided 
with a carbon compression resistance for very fine adjustment. 

The complete electrical circuit is shown in Fig. 3. 

Temperature Measurement 

ITie temperature differences between inner and outer tubes, and between 
the central and guard ring parts of the heater were measured by the thermo- 
' couples already mentioned. The temperature of the bath was measured 
by an N.P.L. certificated thermometer. 

As the temperature of the water in the tank varied, a large quantity of 
water in a Dewar flask was used during the experiment to get a steady tem- 
perature. Then the circuit was changed by the mercury switch, and the 
difference in temperature between the outer surface of the outer tube, and 
the heater surface, was measured. Two mirror galvanometers were used 
in circuits, as shown in Fig 4. 



Fig. 4 
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Method of Experiment 

The sleeve is placed on the "heater/' tlie spider is screwed in position, 
and the whole put in place. When the tank is full of water in circulation, 
the heating currents are switched on and carefully adjasted until a constant 
temperature very near the one desired is reached. When balance is obtained 
the mercury switch is operated, and the temperature difference is measured. 


Measurements of Properties of the Fabrics 

Material —Where fabrics have consisted of more than one type of material 
they have been submitted to the tests of the Bradford Conditioning House. 
These give the proportions of the various fibres calculated on the clean 
dry weight. 

Colour — ^No measurements of colour have been carried out. Any des- 
criptions given arc purely by visual judgment. 

Weight per Unit Area — Squares were cut out by a sharp knife and weighed 
in the constant humidity-room after conditioning for several days. 

Thickness — An instrument was designed capable of measuring the 
thickness of a fabric under definite pressures, which varied from i mgm. 
to loo gms. per square cm. Thicknesses could be measured to o oi mm.^” 
Percent age Hole Area—T\\i^ property was measured by the use of an 
adaptation of the photo-electric method of yarn levelness measurement, 
employed by J 3 arker and Stanbury.^^ 

Permeability to air — The method of measurement has been described in 
a recent paper.^^ 


X 100 per cent. 


SECTION IV- RESULTS AND CONCLUSIONS 

It has already been pointed out that the thermal insulating properties 
of fabrics are not expressed by the thermal conductivity. A new quantity 
depending only on the heat lost by the heater uncovered and covered by 
the fabric in a definite specified way has, therefore, been defined. This 
quantity, called the thermal insulating value (T.I.V.), is — 

( ^ Heat lost by covered heater 
( Heat lost by imcovered heater ) 

To see its meaning, certain cases may be considered. If the heat loss 
were the same with as without the fabric, the T.I.V. would be zero. But 
if no heat were lost its value would be lOO. Some thin fabrics placed directly 
on the heater cause a greater emission of heat than with the bare cylinder. 
In this case the T.I.V. is negative. This occurrence may appear strange, 
but it is readily understood when it is remembered that the effective surface 
is greatly increased when the smooth varnished surface is covered by a fabric. 

Before comparison of fabrics could be undertaken it was necessary to 
determine the effect of each of the various conditions imder which com- 
parison could be made. It was then possible to specify in detail the con- 
ditions under which the fabrics should be compared. 

The first experiments were to find the relation between the energy 
supplied (i.e. total heat loss), and the difference of temperature between 
the surface of the heater and the outer tube. Four series of observations 
were taken — 

(A) Heater uncovered — outer tube unblackened on inside. 

(B) Heater uncovered — outer tube blackened on inside. 

(C) Fabric wrapped directly on heater — outer tube blackened on inside. 

(D) Fabric on 6.5 cm. frame — outer tube blackened on inside. 
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The results are shown plotted in Fig. 5. It will be noticed that the 
curves do not differ greatly from straight lines. This allows experiments 
to be done at temperature differences approximating to a selected standard 
and the corrections simply calculated. 

From the curves it may also be deduced that the ratio of the ordinates 
of any two curves is practically independent of temperature. It is therefore 
possible to select any convenient temperature for the comparison of fabrics. 



0 5 ic 15 20 25 *0 

TEMPERATURE DIFFERENCE 

lM(. 5 


Very large changes of humidity, such as would not be met in normal 
practice, were tried. These were produced by the continual passage of the 
air through the wetting system, so that it became saturated at a temperature 
just lower than that of the cold surface, or by passage of the air over the 
calcium chloride. They had very little effect on the total heat loss and it 
was concluded that the differences due to ordinary changes of humidity 
are less than the experimental errors, so that measurements could be made 
without the need for humidity control. This result appears to contradict 
results of previous workers, but it must be emphasised that in most of 
these investigations the fabric has not been left for two or three days in 
the experimental condition to reach hygroscopic equilibrium as it was in 
the present experiments. Gregory, who was careful to allow his cloth to reach 
equilibrium, foimd a small decrease in transmitted radiant heat with increase 
of humidity. 

In all the earlier experiments the fabrics, made up into sleeves, were on 
the surface of the heater itself. The sleeves were made so that they slipped 
on and off readily without being slack. No special precautions were taken 
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to make them all fit in exactly the same way, as it was thought that the 
fitting would have very little effect on the surface density. With these 
sleeves, thermal insulation values could be repeated consistently to i%, 
and numerous tests were made in this way. 

The effects of multiple layers and combinations of fabrics were being 
tried when certain anomalies were discovered in the results. After many 
experiments and the elimination of all possible variables and complications, 
it was found that, while any sleeve gave results consistently, two sleeves of 
the same knitte<l material gave very different results. The two sleeves 
were closely examined and tested for weight per rmit area, and no differences 
capable of explaining the discrepancies were found. It was noticed, however, 
that one sleeve was more slack than the other on the heater, it gave a much 
higher insulating value, but when it was tightened the value fell eventually 
to below that for the other sleeve. 

As these results were for a knitted fabric which is easily stretched, it was 
decided to test woven fabrics, and a flannel and a blanket were chosen. 
The same effect was again obtained as is seen in the table — 


Effect of Tension of Fabric on Thermal Insulation 


Description 


Therma] Insulating Value 
‘Pension increasing 


Hosiery (wool) 

Flannel 

Hlanket 


10-5 ^3-5 -6-1 

10-S . 5*0 *2-9 

40*7 31-2 


It is thus very clearly established that it is very important in comparing 
fabrics either to find a standard or comparative tension for each fabric and 
work to that, or to eliminate the effect of tension completely. 

Since in the above cases the stretching was never more than a few per 
cent, of the original length (say 3% to 7%), the fall in insulating value 
cannot be explained by changes of surface density, or the opening of the 
interstices of the fabric, so as to allow a freer passage of air. The only 
possible explanation appears to be that a fabric resting on a surface ordinarily 
is supported by the more projecting fibres, and that an air film, which is 
comparable in its insulating power to the fabric itself, exists between the 
fabric and the surface. When the fabric is tightened on to a curved surface 
this film is diminished in thickness, and the fabric establishes a better 
thermal contact with the surface, and thus the apparent thermal insulation 
is diminished. 

This suggestion was tested out as follows. A more definite air film 
between the fabric and the heater was created by the insertion of the very 
open-mesh wire gauze. This gave a much greater insulating value, but 
there was still a large difference on the fabrics being stretched. It was 
noticed that it was still possible for the fabric to sag through the meshes 
and come into contact with the heater. 

The two larger frames of wire netting of different diameters were then 
tried, and further increase in the insulating value of the fabrics on these was 
found in aU cases. But now that the fabric, whether stretched or loose, 
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was quite clear of the heater surface, it was found that the insulating value 
was unchanged on the fabrics being tightened on the frame. This result 
gave a method of comparison of fabrics independent of tension within the 
accuracy of experiment. In all previous work the effect of this air film 
beneath the fabric has been completely overlooked. The results are, there- 
fore, open to very grave criticism, as the effect must have occurred in all 
work involving the wrapping of a body in the fabric. It further confirms 
all that has been said above as to the methods involving the compression of 
the fabric between two surfaces. Once this effect has been seen it becomes 
qtiite obvious, and it is remarkable that it should not have been detected 
before. Clearly, therefore, a fabric must be measured with both surfaces 
free from solid bodies as far as possible. This condition was approached 
by the supporting of the fabric on the very open wire frame, 6*5 cm. in 
diameter, for all comparative measurements. 

COMPARISON OF DIFFERENT FABRICS 

From the results given above it is now possible to formulate a scheme 
for the comparison of different fabrics under defined conditions. It was 
decided to make the comparisons on the 6*5 cm. frame, and at a standard 
temperature-difference of 25° C. approximately, the values being corrected 
to 25*0® C., while the cold temperature was kept as near as possible to 12® C. 
The thermal insulating value of all fabrics was measured under these con- 
ditions. 

The results, with particulars of the fabrics and other measurements made 
on them, are given in the following tables — 
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♦Where no value is shown, light transmission is too small to measure 
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From these tables, thennal insulating values were plotted against thickness 
and weight per unit area (Figs. 6 and 7 respectively). 

The thicknesses used are those at 10 grms. per square cm. Measurements 
were taken at pressures of 0*1 and i grm. per square cm. and plotted against 
the T.I.V., but gave more scattered points. This would indicate that it 
is the more solid part of a fabric which is important in therma insulation, 
while the projecting fibres are not of great importance. 

In Fig. 6 the points lie very approximately on a straight line which does 
not pass through the origin, lliis linear relationship holds over a very 
wide range of thicknesses, covering every type of fabric and raw material. 
It may be said, therefore, that the chief factor which determines the thermal 
insulating value of a fabric is its thickness, the thickness excluding the pro- 
jecting fibres. There are certainly other factors, but thickness appears to 
be the predominant one. 



THICKNESS (MM.) 

Fkj (> 


It should be noted that the average straight line drawn through the 
points does not pass through the origin, but tliat for small thicknesses there 
is a thermal insulating value of about 30 per cent. This is prol^ably due 
to the breaking up of the convection currents, which are responsible to 
a large extent for the loss of heat from a body in air. 

Confirmation of this is found when deviations from the average straight 
line through the points are considered. All the fabrics, especially those 
under i mm. thick with a large permeability to air, have a low insulating 
value. In these cases warm air can pass directly through the interstices of 
the fabric, thus causing a greater heat loss than would be expected from 
the thickness measurement. Similarly those fabrics with a high light- 
transmission give a low insulating value, since they allow direct pa.ssage of 
heat radiation and convection. 

In order that these ideas might be tried out by extreme tests, several 
unusual coverings were investigated. A thick very open net gave a value 
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much lower than any other fabric of the same thickness. On the other 
hand, tracing linen and paper, which are impervious to air, gave high results 
in accordance with those of comparable fabrics. 

A further very interesting experiment was made on thin sheet brass. It 
gave a thermal insulating value of about 54% when blackened, and about 
72% when polished. Here the conductivity of the metal is so high that the 
resistance to passage of heat through it is negligible. Under these conditions, 
on the assumption that the heat passing across the space is proportional to 
the temperature-difference, the conducting plane should cut down heat loss 
to 50% if its surfaces are perfectly absorbing and radiating. Actually the 
blackened surfaces do not fulfil the condition completely, so that the thermal 
insulating value is rather over 50 per cent. When the surfaces are bright, 
this effect is increased, so that thermal insulating value is greatly increased. 
This is a similar effect to that shown in the earlier experiments on the loss of 
heat from the uncovered heater to polished and black surfaces. 
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It may now be asked why a good conductor, such as brass, is under these 
conditions a far better insulator than fabrics, whose conductivity as ordinarily 
determined is much lower. This cannot be altogether explained by the 
imperviousness to air of the metals, as some of the fabrics did not allow 
any passage of air at all. It is suggested that the effect is due to the larger 
surface of the fabric in which more heat can be received and lost by con- 
vection. Confirmation of this is given by the fact that thin sleeves fitted 
directly on the heater caused it to lose more heat than it lost when bare. It 
was also found that a smooth, shiny-surfaced, fabric had a high insulating 
value. Gregory®® has shown recently that fabrics have an eiAissivity ten 
times as great as polished copper. 

Fig. 7 shows thermal insulating value plotted against weight per imit 
area, and shows there is no direct relationship except perhaps a slight increase 
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in thermal insulating value with weight. Again, however, the positions of 
certain fabrics and groups of fabrics, related to their other physical properties, 
give definite information. 

From the thickness at 10 gm./cm.* and the weight per unit area, the 
density has been calculated. No definite relationship appears to exist 
between thermal insulating value and density for the same weight or thick- 
ness, but there is a marked tendency for the less dense fabrics to show a 
higher thermal insulating value than others. 

Passing from these generalisations to a more detailed analysis of the 
results, a large mass of facts calls for comment. 

Most of the work on heat flow through fabrics has been doiU‘ with the 
object of deciding the relative value of different fibres for thermal inbulation. 
Many comparisons have been made, but it is very easy to misinterpret 
experimental results on this point. The great difficulty is in the very 
different types of fabrics produced by different fibres. 

For instance, the question is often raised as to whether silk is “warmer'* 
than wool. This is very difficult to answer, as very few silk fabrics arc more 
than 0*3 mm. thick, while very few wool fabrics are less than 0-5 mm. thick. 
Even if two fabrics, one of silk and one of wool, were found to be of the 
same thickness, each would be an extreme of its class, and therefore not 
truly representative. 

A comparison of silk and linen brings out another difficulty in comparing 
different fibres. Tests were made on a number of silk and linen fabrics 
whose thicknesses were all 0*1 mm. The linens (sheer linens and cambrics) 
had thermal insulating values between 33% and 35%, while among the silks 
a crdpe-de-chine has a value of 30%, and a twilled silk for foulards 37-8%. 
The structure is, therefore, of the utmost importance. It may be mentioned 
that the crepe-de-chinc had a penneability about twelve times that of the 
other .silk fabric. 

It is therefore, unjust to compare the thermal insulation of textile 
materials by comparing certain fabrics made of each. From this work, 
it is believed that it would be po.ssible to make a fabric of a given insulating 
value from any of the textile materials. It would only be necessary to make 
it sufficiently thick and of close structure. The rea.sons why this is not done 
commercially are apparently considerations of cost and weight. From a 
general review of fabrics made, it would appear that wool is the main material 
for making thick fabrics, and has therefore earned the name for being wanner 
than other materials. 

From the results on blankets, it is foimd that those of high quality wopl 
have a higher insulating value than those of the lower grades. 

Similar remarks would apply to mixed fabrics, such as imion blankets 
and flannels. These have, in general, a lower insulating value than those of 
pure wool, but it is apparently j>ossible to reverse the position. 

Another demonstration of the effect of structure is in the case of all-wool 
suitings. In general, woollen cloths have higher insulating value than 
worsted, due no doubt to the different structure of the varn, and the greater 
extent of milling in most woollens. 

To test the effect of milling on thermal insulation and air permeability, 
a cream woollen cloth was milled for several periods of half an hour each 
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At the end of each period a sample was taken out and tested. The thermal 
insulating value increased in the following manner — 


Original cloth 38*0 

After i hour milling 40-9 

.. 1 .. 42-2 

„ hours milling 46-0 

.. 2 „ 46-8 

„ 2i .. 477 

„ 3 .. 50-0 


Other experiments gave similar results. It has been found in every case 
that milling diminishes the permeability to air, and it would therefore be 
expected to increase the thermal insulating value. 

In the case of some artificial silks, it was found that those with a very 
shiny surface tended to have high insulating values. This would be expected 
since these would reflect more of the radiant heat than those with a dull 
surface. 

No evidence has been found of colour affecting thermal insulating value. 
The difficulty of detecting this effect is the change of a fabric when it is dyed. 

Attempts have been made to obtain a formula for the thermal insulation 
of a fabric in terms of its other physical properties, but these have met with no 
success. The only way to determine the insulating value of a fabric is 
experimental. A brief discus.sion of heat flow through fabrics is given 
elsewhere." 

The author’s thanks are due to several manufacturers and others for 
samples of cloth on which the tests have been made. Also to Miss D. R. 
Shaw, who has ably carried out much of the routine work. 
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16 -THE DETERMINATION AND VARIATION OF TWIST IN 
RING-SPUN COTTON YARNS 

By D. F. Kapadia, B.Sc.Ti’ch., B.A., and A. James Turner, M.A., D.Sc. 

(Indian Central Cotton Committee Technological Laboratory, Matunga, Bombay) 

SUMMARY 

In the present paper it is pointed out that the determination of twist in 
single cotton yarn is a matter of considerable difficulty, especially when the yam 
has been spun from a short staple cotton. Large numbers of tests have been made 
on single yarns by the usual method of removing the twist in a Standard Twist 
Tester. 

A new method of twist testing is described w hich consists of passing two single 
yarns between the front rollers of the ring frame and spinning in the usual way, 
so that the total doubling twist is substantially the same as in an equal length 
of single spun yarn. Twist tests on twofold yams can be made with very great 
accuracy, using lo-inch lengths, and this method has therefore been employed 
for the puri)ose of investigating the variation of twist throughout the bobbin, 
and also for ascertaining if the variation of twdst is affected by the variations 
in the winding-on tension or by variations in counts. 

In an Appendix some results are given of certain observations on the relation 
between the spindle speeds as observed by means of a tachometer and as calcu- 
lated from the front roller speed, also measured by a speed indicator. 

The experiments have been carried out on Pun jab- American 285F, spun 
into single yarns of 20’s, 30’s, and 40’s counts, and also made into twofold 
grandrelle yams of 2 /40 ’s, 2 /Go’s, and 2 /8o’s counts. The results of a large number 
of other tests on the standard Indian cottons have also been analysed in arriving 
at the conclusions, which are as follows — 

(1) When single yams are tested for twist by the ordinary method it is 
necessary to make at least 100 observations on i-inch lengths in order that the 
odds may be 5 to i that the mean value is correct witliin 2% on either side of 
the mean. 

(2) When a grandrelle yam is made above a single yam on the same bobbin 
by doubling together two single yarns, under the same spinning conditions as 
those employed in the spinning of the single yam, only ten determinations of 
twist in lo-inch lengths need be made on the grandrelle yam in order that the 
odds may be 10 to i that the mean value is correct within 2% on either side of 
the mean. 

(3) The practice at the Technological I-aboratory of making ten tests on the 
grandrelle yam spun at the top of each of ten bobbins enables the checking of 
the correctness of the twist wheel to be carried out to a very high degree of 
certainty. 

(4) While the insertion of twist leads to a contraction of the yam during 
spinning, this may be partly offset by an extension due to the effect of the winding- 
on tension. 

{5) In calculating the twist per inch in the yam from the ’’constant dividend” 
for twist, the allowance which is made for the thickness of the spindle bands and 
band slippage should be 8*3 per cent. 

(6) Any effect on the twist per inch of a difference in the winding-on tension 
at the apex and base of the chase appears to be completely masked by irregu- 
larities due to other causes. 

(7) Very little variation should exist in the total twist of successive long 
lengths of yarn wound on the bobbin; where such differences do exist <hey indicate 
the existence of variation either in the winding-on tension, or in the spindle-band 
tension during spinning. 

(8) The variation of twist in successive 6-inch lengths of 3ram is chiefly con- 
ditioned by the variation of count along the yam. 
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' I— INTRODUCTION 

A cotton yam without twist is a physical impossibility; further, it is the 
degree of twist that largely determines the character and strength of a cotton 
yam. The testing of single yam for twist is therefore a matter of some im- 
portance, as it is frequently desired to know whether the twist in a given 
batch of yam conforms to some standard known to be suitable for a given 
type of fabric. But the accurate determination of twist in single cotton 
yam is not at all an easy matter, especiallv when the yarn has been spun from 
a short staple cotton. The reason for this lies in the method almost uni- 
versally adopted for the test, viz., the removal of the twist by turning the 
yam on its axis, the number of turns required for the removal of the twist 
being automaticaUy recorded by some counting device. If the test-kngth 
of the yarn is as much as one inch, then, when most of the twist has been 
removed, there is nothing to hold the fibres together and they consequently 
♦tend to escape from their original alinement; 'the trouble is accentuated by 
the fact that as the twist is removed the yam extends, and as the distance 
between the jaws is kept fixed, forces at right angles to the yam axis are 
caUed into play tending to separate the fibres from one another, with the 
consequence that it is a matter of some difficulty to decide on the exact 
moment when the twist has been removed from the single yarn. The trouble 
may be overcome to some extent by reducing the length of the specimen 
to half an inch, but even .so a considerable amount of care miLst be exercised 
in the test in order to obtain accurate results. It is clear that with such a 
small length of specimen great care must also be exercised in the sampling 
of the yam, and normally it is obviously desirable that a laige number of 
tests should be made. 

Tlie subject of twist testing has assumed importance at the Technological 
Laboratory because of a desire to check the twist inserted in yam during a 
spinning test. In the earlier tests it was found that quite divergent results 
were obtained; in some cases indeed it was reported that the yam had a 
twist considerably in excess of the nominal; such results could obviously 
only be explained either by a mistake having been made in the gearing 
wheels used in spinning, or by a mistake having been made in the twist 
testing. For this reason a thorough investigation has been made into the 
method of twist testing, with results to be described in the present paper. 

Large numbers of tests have been made on single yams by the usual 
method; and a new method has been investigated, consisting of passing two 
single yams between the front rollers of the ring frame and spinning in the 
usual way. In the second method the total doubling twist must be substan- 
tially the same as in an equal length of single spun yam, for the front-roller 
speed and the spindle speed remain the same. As twist tests on twofold 
yam can be made with very great accuiacy, using 10 in. lengths, this method 
was employed for investigating the variation of twist throughout a bobbin, 
and also for ascertaining if the variations of twist were affected by the 
variations in the winding-on tension or by variations in counts. As a matter 
of interest some observations were also made on the relation between the 
spindle speeds as observed by means of a tachometer and as calculated 
from the front roller speed ; the results of these tests are given in the Appendix. 
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II—EXPERIMENTAL MATERIALS AND METHODS 

Cotton — All the yams used in these experiments have been spun from 
Punjab-American 285F (season 1926-27). 

Counts — Single yams of 20's, 30's, and 40's were spim having nominal 
twists of 16*64, 21*58, and 26*62 turns per inch respectively. 

Twofold grandrclle yams were spun of 2/40's, 2/60's, and 2/80's also 
having nominal twist of 16*64, 21*58, and 26*62 turns per inch of doubling 
twist respectively. 

Testing machine — ^The twist testing machine used in these tests was a 
Baer Twist Counter No. 8. 

Procedure for testing single yams — In view of the conditions under which 
the twist is inserted in yam, it is evidently desirable to test the total amount 
of twist in a few long lengths of yam rather than the amount in a large 
number of places widely separated. Tests were therefore made on 2,000 
successive i-in. lengths of the 20's yam, and 600 successive i-in.* 
lengths from each of the 30's and 40's counts. The method of ensuring 
no loss of twist in the testing of successive i-in. lengths was as follows^ — 
After each specimen had been tested for twist, the end of tlie yam in the 
sliding jaw was nipped by forceps and transferred to the revolving jaw, which 
was then closed; unifonn tension was then applied to the specimen by 
suspending from the yam a small spring clip weighing 10*24 grams, and while 
the yam was thus under tension the sliding jaw was closed. The twi.st 
was then removed from the specimen in the usual manner, and the amoimt 
of twist as given by the reading of the counting device was duly recorded. 

The bobbin containing the yam for testing is carried in a horizontal * 
position on a wooden stand .so as to enable the yam to be drawn off from the 
nose of the bobbin. It is sometimes stated that in twist-testing the yam 
should be drawn off from the side of the bobbin, which is thereby caused to 
revolve as the yam is withdrawn: such a method is incorrect, however, for 
two reasons. First, the calculation of nominal twist is based on the number 
of spindle revolutions and on the delivery of yam from the front roller; 
no allowance is made for the lag of the traveller necessary for winding. Now 
the number of revolutions which the traveller loses as compared with the 
bobbin represents exactly the number of coils wound on the bobbin. Hence, 
as by removing the yam from the nose of the bobbin one turn of twist is 
given to the yam for every coil, these additional twists received by the 
yam exactly compensate for the twist lost in winding on to the bobbin, on 
the numlx'r of revolutions of which the calculation of twist is based; hence 
in comparing the actual twist in the yam with the calculated, it is essential 
to remove the yam from the nose of the bobbin. Secondly, whether the 
yam is subsequently used for warp or weft the yam is likewise removed 
from the nose of tlie bobbin, so that this method of testing does give the 
amount of twist actually in the yam in use. 

Procedure for spinning and testify twofold yams — Two single yams, one 
grey and the other coloured, were subjected to a doubling process simul- 
taneously with the spinning of the single yams. Three bobbins, 6 ne each 
of a grandelle yam of equivalents count 20's, 30's, and 40's, were obtained 
in this way. For the 20's equivalent counts a bobbin of 40's singles grey 
and another of 40's singles yellow were placed on a small stand specially 
constructed to hold the bobbins; the stand was interposed between the 
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creel and the back line of rollers of the ring frame; the two ends from each 
pair of bobbins were taken off vertically and led over a guide rod so that the 
yams might come off easily from the nose of the bobbin, and then over the 
back and middle bottom rollers (the top rollers being removed), and finally 
run through the pair of front rollers and through the thread ^de and 
traveller, and so on to the bobbin on which they were to be wound after 
being doubled together. The doubling of the 40's singles thus gave a yellow- 
grey grandrelle yam having a count equivalent to approximately 20's singles 
In similar fashion blue-grey and red-grey grandrelle yams were produced of 
2/60's and 2/80's, approximately equivalent to 30's and 40's singles respect- 
ively, the doubling being carried out simultaneously witli the spinning of 
the 30's and 40's singles respectively. 

Each of the three grandrelle yams was completely tested for twist; the 
tests were made on successive 10 in. lengths, the procedure in twist testing 
being much the same as for the single yam, except that the extension of the 
yam on twist removal was also measured. The use of double yams made 
it possible to determine the twist with a high degree of accuracy, firstly, 
because specimens 10 in. long could be used, and secondly, because it was 
easy to discern when all the twist had been removed from the yams. 


TII—DISCUSSION OF THE REStTLTS 
Number of tests required in routine twist-testing-- In order to analyse the 
results obtained by the two methods of twist-testing, the values of twist per 
inch in the single yams have been grouped together as follows — In the first 
place, the whole 2,000 values for 20's counts have been grouped so as to give 
a frequency-table, Table I, and a frequency-polygon. Fig. i. Only 600 values 
were available for 30's and 40's counts, and their frequency-distributions 
are shown in Table II, and in Fig. i. The results have also been grouped 
in another way, viz., in the form of means of successive sets of 10, 20, and 50 
respectively; in the case of the 20's counts similar groupings have also been 
carried out for successive sets of 100, 150, and 200. The frequency-distribu- 
tions of the 2o's, 30's, and 40's counts are shown in Tables I and II respect- 
ively, and graphically in Figs. 2, j, and 4. 
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Frequency- distribution of Twist In 20 ’s Singles 
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TWIST (TURNS PER INCH) . 

Fio. I 


Frequency-distnbtition of individual twist-values for 20's, 30’s, and 40’s singles yams. 




FREQUENCY 
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TWIST (turns per INCH) 

Flo. a 

Frequency-Distribution of mean twist-values for sets of 10, 20, etc., for 20 s singles. 
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A similar method has been followed in the grouping of the results for 
the twofold yams. In this case the individual test-values available were 
3,200 for the 2/40’s, 4,600 for the 2/60’s, and 4,300 for the 2/80’s. The 



TWIST (TURNS PER inch) 


Fig. 3 

/ 

Fraquency-distnbution of mean twist-valuea for seta of lo, 20, etc., for 30's singles. 
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TWIST (TURNS PER INCH) 

Fig. 4 

Froquency-distribution of mean twist- values for sets of 10, 20, etc., for 40 s singles. 
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Table II 

Freqiiency-dlstributloii of Twist for 30*8 and 40*8 Singles 
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DOUBLING TWIST (TURNS PER INCH) 


FToqucncy-distnbution of indmdnal twist-values for 2/40% 2/t)o’s, and 2/80’s. 
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DOUBLING TWIST (turns PERINCh) 


Fio. 6 

Frequency-distribution of mean twist-values for sets of lo, 20, etc., for 2/40*3. 
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frequency-distributions of the individual values for the 2/40’s, 2/60’s, and 
2/80’s are shown in Table III and Fig. 5^ said the frequency-distributions 
of the means of successive sets of 10, 20, and 50 values are also given in 
Table III, and in Figs. 6, 7, and 8. 

It will be observed that the means in each case are of successive sets of 
test-values, and therefore each mean represents the average amount of 
twist in one continuous length of yam in which all the twist has been actually 
determined; the advantage of this method of grouping lies in the fact that 
with a given delivery from the front rollers and a given spindle speed, the 
amount of twist inserted cannot differ appreciably as between one consider- 
able length of yam and another. This has been confirmed by the present 
series of tests as discussed more fully on pages T 293 -T 296 . It is for this reason 
that in twist-testing at the Technological Laboratory the tests are made on 
a number of successive lengths of yam. 

No theoretical frequency-curves have been fitted to the frequency-poly- 
gons, as it is only in a few cases that the number of tests can be regarded as 
having been sufficient to make this justifiable. In drawing conclusions 
from our results, therefore, we have used our raw data, from an analysis of 
which we have obtained Table IV, showing the probability that a mean w^ill 
lie within certain percentage limits of difference on either side of the mean 
for the single and twofold yams respectively. 

Table IV 

Probability* of the Mean Twist exceeding certain Limits of Difference from 

the Mean 


('ounts 

of 

yarn 

Number of 
individual 
test-values 
in set 

Probability that the diflcrcnce on either side of the mean, 
expressed as a percentage ol the mean, will be less than 

- 1 ■ 1 

1 % , 2 % 2-7% 3-3% 5% 10 % 

20 

10 

0-27 

0-38 

1 


0*70 

0-97 

20 

20 

0*37 

0-55 



0-97 

100 

20 

50 

0-50 

0*75 

. . . 


1 

1 

20 

100 

0-70 

0'80 



1 

1 

20 

200 

0-70 

1 


... 

1 

1 

30 

10 

0*17 

0-32 

0-40 


0-58 

1 0-87 

30 

20 

0-37 

0-40 

0-53 


0-87 

1 

30 

50 

0-33 

0-83 

0-83 


1 


40 ’ 

10 

0-12 

0-22 


0-47 

0-67 

1 0-92 

40 

20 

0-23 

0-47 


0-60 

0-83 

1 

40 1 

1 

50 

0-50 

0*75 


0-92 

1 

... 

2/40’s 1 

10 

0-70 

0-84 



1 

1 

2/40’s I 

20 

0-77 

0*92 

... 

* • 

1 

1 

2/40’9 

50 

0-84 

0-97 

... 

1 - 

1 

1 

2/60’8 

10 

0-23 

0-88 

0-96 

1 

”1 

1 

2/60’8 ; 

20 

0-75 ' 

0-94 

1 0-99 ' 


1 

i 1 

2/60’s 

50 

0-91 

0*99 

)_!_ j 


1 

J ’ 

2/80’s 

10 

0-75 

' 0-90 

. . . 


j 

' 1 

2/80’8 

20 

0-85 1 

1 0-95 


1 

, 1 

' 1 

2/80’s 

50 

1 

0-92 ' 

1 

’ 1 

... 

1 

I.J. . 

1 


♦Noth — A ‘‘probability'* 1 represents certainty; a probability 0*5 represents an even 
chance; a probability 0-75 means that the chances of the event happening are 75 out 
of 100. or in other words the odds are 3 to 1 in its favour. Other values of the probability 
may he similarly interpreted. 
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DNJBLING TWIST (turns PER INCH) 

Fig. 7 

Frequency-distribution of mean twist-values for sets of 10, 20, etc > for 2/60’s. 
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We may briefly summarise these results for the 20's, 30's, and 40's counts, 
by sa3dng that in the case of the single yams we need to make 100 observa- 
tions in order that the odds may be 5 to i that our mean value is correct 
within 2% on either side of the mean; whereas with the twofold grandrelle 
yams we need to make only 10 determinations of twist on 10 in. lengths in 
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PERCENTAGE DIFFERENCE BETWEEN 
MEAN ACTUAL AND CALCULATED 
TWISTS 


Fig. 9 

Frequency-distribution of difierences between mean actual and calculated twists 

in single yams. 


order that the od^ may be 10 to i that our mean value is correct within 
the same limits. * ^ 

In applying these results to checking whether the correct twist wheels 
have be^ used in spinning, it may be pointed out that an error of one tooth 
in the number of the twist wheel will make differences of 2*0%, 2*7%, 
3 ‘ 3 %# respectively in the twist inserted in 20's, 30’s, and 40's yams. It 
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follows therefore that ten determinations of twist on lo in. lengths of the 
grandrelle yam are in practice sufficient to enable us to decide with a fair 
measure of certainly whether or not the correct twist wheel has been em- 
ployed; and as it is the practice at the Technological Laboratory to make 
ten tests on each of lo bobbins, the twist in all of which is governed by the 
one twist wheel, we have lOO twist tests available to enable us to check the 
correctness of the twist wheel in each spinning. In this case the checking 
is therefore carried out to a very high degree of certainty. 

Actual and calculated twists tn yarns — Results which have been obtained 
in 20,640 twist tests on ring spim single yams, in counts ranging from 20*s 
to 40's for 8 varieties of Indian cottons, show that the actual twist is higher 
than the calculated in about 9 cases out of 10, the difference between the 
actual and calculated values ranging from 9*4% to 0-4%, with an average 
value of 3‘23% for the excess of the actual above the calculated twist per inch. 
The frequency-distribution of the percentage differences between the cal- 
culated twist and the means of sets of 160 (sometimes 200) tests is shown in 
Table V and Fig. 9. 


Table V 

Frequency- distribution of the Differences between Mean-actual and Calculated 

Twists in Single Yams 


Range 

1 

Freqnenc v 

Range 

— 4 to - 

2 

S 

2 to 4 

- 2 to 

0 

5 

4 to 6 

0 to 

2 


8 to 8 


I« requcncy 

Range 

frequency 

15 

8 to 10 

4 

12 

10 lo 12 


7 

12 to 14 

1 


Somewhat similar results were obtained by English’, and from his figures 
for 2o's, 30's, and 40's counts we see that the actual twist is higher than the 
calculated in about 7 cases out of 10. The excess is no doubt largely due 
to the fact that the length of roving delivered by the front rollers exceeds the 
length woimd on to the bobbin owing to the contraction (m^lling-up) result- 
ing from the insertion of twist in the yam. 

This matter has been investigated in the following manner— The delivery 
of the front rollers was calculated for one revolution of the cam of the builder 
motion and found to be 309*4 in. Knowing the actuad twist in the yam 
from our twist determinations and comparing it with the calculated twist, 
we find that, in order to explain the discrepancy, there should be contractions 
of 6*3%, 4*3%, and 2*8% in the 20's, 30's, and 40's coimts respectively. 
Now in testing the 2,000 successive inches of 20's, and the 600 succe.ssive 
inches of 30's and 40's, a note was made of the position of the reversal point 
of the last coil at the apex of the chase; and the number of inches taken for 
testing before returning to this point was also noted, this being the total 
number of inches of yam corresponding to the delivery of the front rollers 
for one revolution of the cam builder motion. It was found that on the 
average 299*4, 298*6, and 300*4 in. were necessary for this purpose for the 
2o's, 30's, and 40's counts respectively, instead of the 309*4 in. calculated. 
Hence the actual percentage contractions were 3*2%, 3’5%» and 2*9% for 
the respective counts. Thus only in the case of the 40's yam does the value 
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agree with that deduced from the discrepancy between the actual and calcu- 
lated twists in the yam, the value for 20’s being only about one half the 
contraction calculated from the twist values. TTie differences for the 20’s 
and 30’s counts may be due to (i) erroneous assumptions in the calculation 
of the twist constants, in which an arbitrary allowance is made for the 
thickness of spindle bands and for band slippage; (2) the tension to which 
the yam is subjected during the spinning; (3) experimental errors. 

Some measurements relating to pc^ibility (i) are given in the Appendix. 
As regards possibilities (2) and (3), Table VI summarises the results obtained 
for the percentage contraction for a number of different cottons. 


Table VI 

Percentage Contraction of Single Yams during Spinning resulting from the 

Insertion of Twist 


Cotton 


Position of 
yam on the 
bobbin 


Weight of traveller 
m gms for 
spinning counts 


P. A 285F 

Cambodia 

Dharwar 
1027 A L. F 
P A. 4F . I 
Mixing of different I 
varieties of In-, 
dian cotton ... 


After the forma -| 
tion of chase 
At the completion! 
of bobbin 


At the tliase 
nidtion 


for- 


20 s 


0-5386 

0-5386 

0-5386 

0-5386 

0-5386 


0-5380 


30's 40’s 


0-3796 0-2577 

0-3796 0-2577 
0-3796 0-2577 
0-3796 


At the completion 
of bobbin 


0-3456 

0-5386 

0-3456 


Actual percentage 
contraction in length 
on 309-4 in for counts 


20's 

30's 1 4()'s 

3-23 

3-50 2-90 

3-10 

3-10 4-33 

3-39 

4-72 2 49 

3-04 

2-56 

3-10 

1 . 

0-44 

1 

. . 

1-18 

1 

1-42 


3-46 

...... 


In the spinning of these yams the diameter of the rings was constant, 
and although bobbins of rather smaller diameter were used for the 20’s counts 
than for the higher counts, yet the chief factors affecting the spinning tensions 
were the weight of traveller, the counts of yam spun, the spinning speed, and 
the particular portion of the bobbin on which winding was taking place. 
The traveller weights were well adjusted to the counts, but, on account of 
differences in the spinning speeds, the yam stress per unit area of cross section 
will have been some 20% higher for the 40's than for the 20’s yam, though 
the total spinning tension will of course have been much less for the 40's than 
for the 2o's. But although in testing the yams for twist they are all placed 
under the same initial tension, so that, comparatively speaking, the lower 
count yams are subjected to much less stress per unit area of cross section 
than the 40’s yam, yet this difference is far too small to account for the 
discrepancies in the contractions of the 20's and 30’s coimts. It would 
therefore appear as if the discrepancies for these counts must rather be 
ascribed to the numerous experimental difficulties and the errors consequently 
introduced. 
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In the case of the twofold yams, it was possible not only to make an 
accurate determination of the twist but also of the extension due to the 
removal of the twist, the latter representing the contraction due to the 
twisting. Table VII shows how the actual twist determinations from 3,200 
readings in 20's counts, 4,600 readings in 30's counts, and 4,300 readings for 
40's coimts, on 10 in. lengths in each case, compared with the values of twist 
per inch calculated on the one hand from the constant dividend for twist and 
on the other from the speeds of the front roller and the spindles. 


Table VII 

Comparison of Calculated and Actual Twists in Single and Twofold Yams 


1 

20’s 

30’s 

1 

40*s 

Calculated twist per inch (including allowance ft>i the thu kness 
of banding and 1% spindle b^d slip) from the constant 
dividend for twist 

16-6 

21-6 

26-6 

Calculated twi.st per inch from the speeds of front rollers and 
spindles 

16-6 

21*6 

26*8 

Actual turns per inch found in twofold yams 

16-4 

21-2 

26-4 

,, ,, ,, single vanis . . 

17 7 

22-6 , 

27-4 


The actual turns per inch in single yam are included in this table for 
purposes of comparison. It will be seen that there is quite a good agreement 
between the actual and the calculated doubling twists in the twofold yams, 
although the actual values are in each case slightly on the low side. A 
similar comparison between the actual and calculated values for the grandrelle 
yams spim for the determination of twist in the standard Indian cottons 
(1926-30) gives the results shown in Table VIll for the different counts. 


Table VIII 

Comparison of Calculated and Actual Twists for Different Counts 
of the Standard Indian Cottons, 1926-30 


Counts 


10 

12 

14 

16 

20 

24 

26 

30 

34 

40 


Number of 
Tests 


2.200 

400 

800 

600 

3.000 

1.200 

2,600 

9,800 

3.000 

4.000 



Twisi 


C alculatcd 

1 

1 

A( tual 

' iVrccnlage 
diffeiencc 

12*63 1 

12-27 

2-85 

13-92 

13-45 

3-38 

15-08 

14-68 

, 2-65 

15-97 1 

15 40 

3-57 

16-85 

16-27 

1 3-44 

19-73 , 

18-93 

, 4-05 

20-23 ' 

19-54 

3-41 

21-86 

21-13 

3-34 

23-26 

22-49 

3-31 

26 97 

25-9() 

3-97 


If we include also the results for certain other counts, we have no less 
th^Ti 52,800 test results available for comparing the actual with the calculated 
twists; from the 52,800 results it must be concluded that the allowance for 
thickness of bands and band slip is too small by 3 ’ 4 % average, and 

that a total allowance for these two factors of 8’5% instead of 5% would 
give even more accurate results 
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Fig. io 

Mean twist^values at ditFerent points of the chase of a bobbin. 
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The spinning of the grandrelle yam having provided us with an accurate 
means of determining the twist in yam, we have used it to investigate the 
following points — 

(1) The variation of twist per inch due to variation in winding-on 

tension arising from differences in diameter of winding. 

(2) The variation of twist per inch throughout the bobbin. 

(3) The variation of twist per inch due to variation of count. 

Variation of twist due to variation of winding-on tension — ^Theoretically, 
the traveller speed, which is derived from the spindle speed, and determines 
the amount of twist inserted in the yam, is at its maximum at the base of the 
chase and at its minimum at the apex of the chase, with intermediate values 
in between. According to Nasmith^, no such variation can be detected in 
the yam. We have however tested the matter by determining the twist in 
one in. lengths of ten consecutive coils of the grandrelle yam; the mean 
twist per inch in each set of 10 coils was then calculated. The results are 
plotted in Fig. 10, and show the average twist-values at different points of 
the chase for one complete revolution of the cam of the builder motion. It 
is evident from the results shown in these curves that any effect of a difference 
in the winding-on tension may be completely masked by irregularities due to 
other causes, such as irregularities in roving or re-adjustment of twist during 
the testing of the yam. 

(ii) Variation of twist throughout the bobbin — We have already seen that 
even when we take the mean values of successive sets of ten or more test 
values, the range of the means is quite considerable even in the case of the 
twofold yarns; thus, from Table III we see that the ranges of the means 
for sets of 10, representing the twist in 100 successive inches of twofold 
yam, are i57-i7-2 for 2/40’s, 2o-2-22*3 for 2/60’s, and 24-8-277 for 
2/80’s; thus the range is roughly some 10% of the lower value. As 
might be expected, the range contracts as the length of yam increa.ses, as 
shown by the contracting range for sets of 20 and 50 test values n pectively. 
The question may be asked, to what is the variation in twist l^etween long 
lengths of yam due ? Now, as already pointed out, if the front roller speed 
and the spindle speed are constant, the amounts of twist inserted in successive 
lengths of yarn must be the same, except for differences in extension of the yam 
caused by variation in the winding-on tension. Differences of twist between 
long lengths, therefore, must either be due to the variation in the winding-on 
tension as the bobbin fills, or to differential variation in the front roller and 
spindle speeds; obviously, if the speeds of both varied proportionately in the 
same direction, as would be occasioned by a drop in the main shaft speed 
owing to a reduced motor speed arising from a fall in the voltage, there would 
be no differences in the average twist per inch in long lengths. Such differ- 
ences must be due to variations either In the winding-on tension or in the 
transmission of the tin roller speed by the spindle banding. The latter 
can only arise from a variation in the tension of the spindle banding, causing 
differences in band slippage; in order to ascertain whether these differences 
are serious throughout the whole length of yam on a bobbin, we have grouped 
the test results in successive sets of 100, so that the mean values represent 
the average numbers of turns of twist per inch in lengths of 1000 in. each. 
The results obtained are shown in Tables IX, X, and XI. 

J 
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Table IX 

Mean Twist Values for Successive Sets of 100, 200, 400, and 800 Individual 
Tests on 10-in. Lengths of 2/40’s 


16*80 

16*64 

16*48 

16*52 

16*16 

16*35 

16*27 

16*35 

16*75 

16*73 

16*51 

16*46 

16*34 

16*43 

16*34 

16*19 

16*67 

16*46 

16*62 

16*37 

16*34 

16*33 

16*39 

16*22 

16*65 

16*57 

16*47 

16*41 

16*39 

16*35 

16*26 

16*21 

16*78 

16*69 


16*49 

16*25 

16*39 

16-31 

16*27 

16*66 

16*52 

16*55 

16*39 

16*37 

16*34 

16*33 

16*22 

16*72 

16*61 

16*53 

16*44 

16*31 

16*37 

16-32 

16*25 

16*67 

16-49 

16*34 

16*29 


16*58 


16*32 


Table X 

Mean Twist Values for Successive Sets of 100, 200, 400, and 800 Individual 
Tests on 10-ln. Lengths of 2/60’s 


21*32 
21*27 
21*30 ' 
21*19 

21*31 

21*37 

21*33 

21*56 

21*21 

21*32 

21*23 

21*18 

21*23 ' 
21*35 
21*08 
21*21 

21*36 

21*06 

21*35 

21*12 

1 

21*24 ' 
21*25 1 
21*28 
21*20 1 

21*23 

21*20 

1 21*16 
21*26 

1 

21*20 1 
21*37 1 
21*26 
21*25 

21*38 

21*30 

21*19 

21*04 

21*14 

1 21*20 
21*11 
21*15 

20*99 

20*94 

21*03 

21*16 

21 0 - 
21 * 1 ! 




21*29 

21*21 

21*25 1 

1 21-22 





21 * 1 ! 




21*15 

21*24 

21*24 1 

1 21-21 





... 

21*28 

21 * 4 ^ 

21*24 

21*22 

21*23 

21*25 

j 21-22 

21*28 ' 

21*23 

21*15 

21*04 


21*34 

21*23 

21*24 

1 21-25 

, 21*19 




21*29 21*25 


Table XI 

Mean Twist Values for Successive Sets of 100, 200, 400 and 800 Individual 
Tests on 10-ln. Lengths of 2/80’s 


26*24 

26 24 

26*41 

26*14 

26*18 

26*27 

26*41 

26*43 

26*23 

26*35 

26*10 

26*29 

26*50 

26*38 

26*22 

26*39 

26*34 

26*37 

26*46 

26*48 

26*37 

26*21 

26*61 

26*29 

26*25 

26*28 

26*06 

26*16 

26*16 

26*27 

26*30 

26*34 

26*42 

26*20 

26*27 

26*39 

26*43 

26*29 

26*32 

26*51 

26*34 

26*26 

26*31 

... 

26*27 

26*37 

26*40 

26*16 

26*29 

26*31 

26*39 

26-45 

26*36 

26*36 

26*16 

26*41 

26 * 28 ^ 

26*32 

26*36 1 

26*18 

26*24 

26*34 

26-31 

26*28 

26*33 

... 

26*34 i 

26*33 

26*36 

26*26 

26*24 

1 26*28 

26*37 

' 26*38 

26-32 

♦ 26*35 


26 

•34 

26 

-31 ! 

26*26 

i 26 

38 

26 

-34 



26*33 


26*32 
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In these tables the first result diown at the left hand top comer is the aver- 
age value for the looo in. at the top of the bobbin, the second value, immedi- 
ately below it is the average value for the next looo in. ; and so on for the third 
and fourth values below; the fifth value, representing the average twist per 
inch in the fifth looo in., is shown immediately to the right of the first value, 
the sixth, seventh, and eightli values being placed successively below the 
the fifth; the value for the ninth looo in. is ^own to the right of the fifth, 
and so on throughout the whole of the bobbin for the 32 successive 1000 in. 
of 2o’s, 46 successive 1000 in. of 30’s, and 43 successive in. of 40's. In the 
fifth and sixth lines of each table are given the values obtained by taking the 
averages of the two successive pairs above them, so that the \^ues in the 
fifth and sixth lines represent the average values of successive 2000 in. taken 
in order similarly to the values of 1000 in. In the seventh line are given the 
average values for successive 4,000 in., obtained by similarly combining the 
pairs of values for the 2,000 in. In the eighth line the values for the 4,000 in. 
are similarly combined to give four average values for successive 8,000 in., 
and these in turn are again combined in pairs in the ninth line to give the 
two values for the 16,000 in. comprising the top and the bottom of the bobbin 
respectively. 

An inspection of these results shows that in the case of the 2/80’s yams 
there is the same average twist in the top and bottom halves of each bobbin; 
and on analysing the results for the quarters, eightlis, and sixteenths of the 
bobbin, we find that similarly there is no regular variation in the distribution 
of the twist, low and high values for each 1,000 in. occurring almost indis- 
criminately throughout the whole of the bobbin. We therefore conclude 
that in this case the effect of any variation in the winding-on tension is 
negligible, and that the spindle band tension has been subject to certain 
variations which have occurred independently of the position of winding- 
on to the bobbin. 

In the case of the 2/6o’3 yams there is again a close similarity between the 
average values for the top and the bottom halves of the bobbin, except 
that there is a slight tendency for the bottom of tlie bobbin to have rather 
less twist, as shown by the last two columns of Table X; this is made clear 
by an inspection of the values for the successive 4,000 in. of yam, from 
which it will be seen that the values for the last two sets of 4,000 in. and the 
one set of 2,000 in. at the bottom of the bobbin are rather less thm for the 
other nine sets of 4*000 in. each. In this case therefore the winding-on 
tension, being high in the formation of the bottom of the Iwbbin, may have 
been responsible for the lower values of twist there; but this hardly appears 
probable, if we bear in mind the result for the 40’s yam. The effect may 
have been to the spinning of this portion haying occurred when the spindle 
han dg were slacker, though we have no evidence that this was the ca^; 
in*4<.A/4 it seems unlikely to have been so, seeing that there was no appreciable 
change in the humidity before and during the spinning of this yam. 

The greatest divergence is displayed by the results lor the 2/40’s y^. 
In this case we see that the average twist in the top half of the ^bbm is 
greater than that in the bottom half, and that the average twist decreases 
in eadi quarter of the bobbin from the top quarter to the bottom qiMrter; 
the eight successive lengths of 4.000 in. each show the same feature although 
the «th 4,000 in. is anomalous in giving a somewhat low ^uU (16-31); 
the four successive 1,000 in. comprising each complete length of 4,000 m. 
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are somewhat irregular. Hence it would appear that in this case the spindle 
band tension has gradually increased, though once again we find that this 
cannot have arisen from a change in the humidity, which suffered no appre- 
ciable change before and during the spinning of the yam. 



COUNTS 

fig. II 

A = Mean twist at various mean counts; 

B as Frequency-distribution of counts along the length of a 20’s singles yam. 

(iii) Variation of twist due to variation of count — ^The variation of twist 
due to variation of count has been investigated by weighing a 20's single 
yam in successive lengths, each 6 in. long after the twist had been deter- 
mined in each of the six inches. After the grouping according to the values 
of cotmts, the average twist was determined for each count group, giving 
the relation between twist and count shown in Fig. ii; in the same figure 
is also given the frequency-distribution of the counts of the 6 in. lengths. 
The straight line through the points representing twist at a given count has 
been drawn by the method of least squares. The correlation coefficient 
has been calculated between the two properties, twist and counts, and is 
as high as 0-655. This value, being based on 333 pairs of values, is certainly 
significant; moreover its high value indicates that the variation of count is 
the most important factor causing variation of twist, the position of the 
ring rail during winding on different parts of the bobbin, and the variation 
in traveller speed, being of subsidiary importance. 

rv--c:oNCLUSiONs 

The following are the conclusions arrived at from the results of the present 
tests — 

(1) When single yams are tested for twist by the ordinary method it is 
necessary to make at least 100 observations on i in. lengths* in order that 
the odds may be 5 to i that the mean value is correct within 2% on either 
side of the mean. 

(2) When a grandrelle yam is made above a single yam on the same 
bobbin by doubling together two single yams, under the same spinning 
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conditions as those employed in the spinning of the single yam, only lo 
determinations of twist in lo in. lengths need be made on the grandrelle 
yam in order that the odds may be lo to i that the mean value is correct 
within 2% on either side of the mean. 

{3) The practice at the Technological Laboratory of making ten tests 
on the grandrelle yam spim at the top of each of 10 bobbins enables the 
checking of the correctness of the twist wheel to be carried out to a very 
high degree of certainty. 

(4) While the insertion of twist leads to a contraction of the yam during 
spinning, this may be partly offset by an extension due to the effect of the 
winding'On tension. 

(5) In calculating the twist per inch in the yam from the “constant 
dividend** for twist, the allowance which is made for the thickness of the 
spindle bands and band slippage should be 8-5 per cent. 

(6) Any effect on the twist per inch of a* difference in the winding-on 
tension at the apex and base of the chase appears to be completely masked 
by irregularities due to other causes. 

(7) Very little variation should exist in the total twist of successive long 
lengths of yam wound on the bobbin, where such differences do exist they 
indicate the existence of variation either in the winding-on tension, or in the 
spindle band tension during spinning. 

(8) The variation of twist in successive 6 in. lengths of yam is chiefly 
conditioned by the variation of count along the yam. 

APPENDIX— ACTUAL AND CALCULATED SPINDLE SPEEDS 

A number of tests have been made with a view to ascertaining how the 
average spindle speed, as determined by means of a tachometer, compares 
with the calculated twist. In the calculation of twist some allowance is 
usually made for the thickness of the spindle bands and for the band slippage. 
Some machinery makers advise adding i/i6th of an inch to the diameters of 
the spindle warve and tin roller to allow for both of these effects; other 
machinery makers advise the subtraction of 5% from the calculated value 
to allow for the loss of twist due to these causes. Mills* gives ^he following 
figures obtained by him for different counts from a few good mills — 

I4's 2rs 24’s 28 s I .<0s I :J2 ’s 

CdJculated spindle speed (ignoring thickness 
of banding and slip), r p m 8,256 7,582 8,541 8 541 8,541 8,541 

Observed or indicated spindle speed, r p m 7,354 6,700 7,952 j 7,952 7,752 7,741 

Percentage allowance for spindle liand 
thickness and slip ... ... 12'3 13'1 7-4 , 7*4 10*2 10*3 

Some experiments on the subject have been made at the Technological 
Laboratory by determining the number of revolutions of the front roller 
of the ring frame by means of a Jacquet speed indicator, and simultaneously 
taking readings of the spindle speed by means of a Jacquet tachometer. 
The speed indicator was kept continuously in operation throughout a period 
of three minutes, during which the speeds of 24 spindles were obtained in turn 
with the tachometer. Observations were taken under spinning conditions 
for 20*s, 30's, and 40*3 yams. The ring frame is driven from a shaft which 
is motor driven; observations of the voltage and current during the testing 



T298 i&—The Determinathn and VanoHon of Twist etc. — Kapadia and Turner 

showed that these did not fluctuate appreciably. The frame was in a normal 
condition of lubrication, and tension of spindle banding, the spindles having 
been oiled a fortnight previously, and no bands having been allowed to remain 
on the frame for more than I2 days. The thickness of the banding when in 
a stretched condition and in contact with the tin roller, was i/i6th in. The 
following table summarises tlie results obtained — 


Particulars 


1 — Number of spindles tested 

2 — Observed front roller speed, r p m. 

3 — ^Tin roller speed (calculated from the observed front 

roller speed), r.p.m. 

4 — Calculated spindle speed (excluding allowance for 

banding and slip) 

5 — Calculated spindle speed (allowing in for thick- 

ness of biding), rpm 

6 - Actual mean spin^e speed, r.p.m 

7 — Maximum spmdle speed, rpm 

8 — ^Minimum spindle speed, r.p m. ... | 

9 — Extreme vanation percentage in observed spindlei 

speed 

10 — Percentage increase of calculated spmdle speed over 

observed spindle speed (ignoring allowance for 
thickness of banding) ,.. 

1 1 — Percentage increase of calculated spindle speed over 

observed spindle speed (including allowance tor 
thickness of banding) 

12 — Turns per inch calculate from the observed speed 

of uie front roller and spindle speed | 

13— Turns per inch calculated from the "constant' 

dividend for twist" (allowing ^ m. for bandingj 
and 1 % for slip) 


Counts of Yam 


20*s 

30*s 

40’8 

24 

198 

24 

160-7 

24 

1 133-5 

QUA 

1,019 

1,042 

9,660 

10,190 

10,420 

9,149 

9,048 

9,125 

9,000 

9,647 

9,564 

9,650 

9,450 

9,870 

9,837 

9.925 

9,725 

1-38 j 

2-09 

203 

6-76 ! 

1 

6-54 

5*93 

112 

i 

0-86 

0-33 

16-62 

21-62 

26-79 

16-64 , 

21-58 

26-62 


It will be seen from this table that allowing i/i6th in. for thickness of 
banding and 1% for band slippage has brought the results calculated from 
the observed front roller and spindle speeds into line with those calculated 
from the constant dividend for twist, allowing for the thickness of bands and 
band slippage. As shown in the present paper, however, it is desirable to 
aUow rather more for the effect of these two factors, viz., 8*5% instead of 
7'2%, in order that the results obtained for the actual determination of twist 
may coincide with those obtained by calculation. 
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17— SOME RESULTS OF CROSS-SECTIONAL AREA AND 
CONTOUR MEASUREMENTS OF NEW ZEALAND ROMNEY 
AND CORRIEDALE WOOLS 

By D. J. SiDEY, B.Agr., H.D.D. 

(Wool Industnes Research Association) 

The Wcx)l Research Committee of the New Zealand Department of 
Scientific and Industrial Research, acting in co-operation with the Wool 
Industries Research Association, decided that in connection with wool 
research in New Zealand a collection of representative Corriedale and Ronmey 
fleeces should be sent to Torridon, for both trade opinion and laboratory 
examination. 

The Romney fleeces were collected in the North and the South 
Islands, and the Corriedale fleeces from the South Island. A total of one 
hundred and ten fleeces was submitted. In the case of the North Island 
fleeces, the breeder is designated by a Letter in the accompanying tables 
and the various fleeces by a Number, while in the case of the South Island 
wools a Number has been used for the breeder and a Letter for the fleeces 
It should be noted here that whereas the North Island fleeces were selected 
for evenness, the South Island fleeces were selected to show the different 
types of wool present in the various flocks 

It was decided that the first test should be of a commercial character, and 
a trade opinion was obtained on each fleece. The commercial report on these 
fleeces stated that the majority were very good, a few were only fair, and 
that taking the fleeces as a whole they represented a class above the standard 
of the average New Zealand crossbred wool. This examination enabled 
the fleeces to be divided into three groups — 

Group I — Very good according to trade opinion. 

Group II — Medium „ „ „ 

Group III — Fair 

and representative fleeces were selected from each group. From each 
selected fleece a moderate size shoulder sample was taken for the purpose of 
the laboratory examination. For purposes of measurement as detailed in 
the accompaii3nng tables, this main sample was subdivided into sixteen zones 
by successive division and from each zone a small lock of wool was selected. 
From these small locks approximately even bundles of fibres were carefully 
separated off and were grouped together according to the number of sections 
it was necessary to cut. The resulting composite bundles were washed in 
ether to remove grease and dirt, and were then gently combed to straighten 
the fibres prior to embedding in collodion and paraffin wax by the method 
described by Barker and Buigess.^ The section cutting and measurement 
of the fibres was also carried out as described in that publication, and the 
results obtained were treated statistically by the method outlined by Fisher.* 
The coefficient of variation was determined by use of th^ formula— 

Standard D eviation X lOO 
Coefficient of Variation — cross-sectional area. 
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Table II. Gorriedale Fleeces. 
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DISCUSSION OF RESULTS 

In the above tables the results are arranged ac cording to the grouping of 
the fleeces previously noted, and it will be observed that there is little 
relationship between the trade classification of the fleeces and tlie coefficient 
of variation of cross-sectional area or fineness in eitluT the case* of the Romney 
or of the ('orric^dale. It should also be noted that in the case of the Romney 
wools there an* in most c'ases approximately e(|ual percc'ntages of fibres 
outside the limits of one-half and one-and-a-half time's the mean cross-sectional 
area. In the case of the Corriedale wools, however, thcTc* is a distinc't 
tendency towards a greater j^'icentagc* of coarser than fnu'i fibres outside 
these limits. 'Fliis probably results fiom the i)r('sent-day tendc'nc y of the 
C'orriedale bleeder to select towards a class of wool more nearly appioaching 
the McTino rather than the Lincoln or the Leicestc'r. 

In the case of the figures for contour, it will be noticod that there is a close 
rolationshi]) between the* trade coiicejition of. a good woed and the average 
contour or ellijiticity figure* lor each group. This is ])articularl> noticeable 
in the* case of the Romnc'V. I he avcTage figures toi contour for c'ac h group 
were - 

Rowjk) ( ouudalt 

(iroiiji I \ ( rv tjocxl to trade o}>inioii 1-157 1-999 

ii iSI<‘(linin ... ..1 2W 1-21(1 

.. Ill laii ... 1-245 1-224 

'fhese figure's are* in ae'eoi dance with the opinion ewpiessenl by Barker and 
Buige'ss’ that e'ontour jirobably plays an iinjjortant part in the spinning 
])ro])t‘i tie's ot a \\e)ol. 

Ifiohablv ejiie ol the* most ple*asing fe'eitures ol this e*xainiiiation Iroin tlie 
point of yie'w ol the* Xe’W Ze'aland wool ])rodn('(‘i is that, although some* ol the* 
Roimu'y and ('orrie*(lale A\e)ols show maike'd irre'gularity ol size* iind shape* of 
the* tibre's, othe'is show a laiily high de*gre‘e* e)t ie*gnlarily. It is e'videiit, 
the*re*lore, that bv a ('are*lul se'le'Ction within tlie brc’c'ds le>r tibie* ie*gulant\', 
made* ]){)'->sil)ie* by ino(Ie*rn ie*.seaie'h methods, it should be* jieissible to imjaove 
existing fle)cks to produc e a ly]H* of wool that woulel be* most ac cc'jilable* to the* 
manufacturer. In the* above table's, hemevc*!, the* aye*rag(* ^ oe'lfie'ie'iits ol 
variation and the* aver.ige < ontour figure's loi litte e*n .stud Romne'V and lifte'e'n 
.stud ('orriedale fle*e*i'es show ])racticall\ e'(|ual liguie's. 'fhis wemld indie.ite 
that the Romne*y weiol from some* ol the* be*st stud flocks is modf'ratelv ey(*ii 
and that, theie'fore*, there* .should beove'iy po.ssibility of imj)ro\'mg Ihecro.ssbred 
wool by using well bre*d rams. It should be re‘me*mbe'ie'd that the weiols 
examine'd in this case were stud wools. Manufacturers have* base'el their 
criticisms mainly on the cros.sbr(al wools from N(*w Zealand, and one* of the 
rc*ase)iis why the Romney crossbred we»ol has been condemneel is becaiuse of 
the te'udency this bree'd has to jmwluce medullate'd fibres when badly bred. 
Altlumgh the cre)SS-s('ctional photomi(Tograi)hs taken in connection with this 
work showe'd ii greater proportion of medulla tt'el fibres in the ca.s(* ot the 
Romney than in the* case of the Corriedale, it would be extremely difficult 
to express the ]>resence of the.se detrimental fibres as a perc'c'ntage, since it is 
elifficult to say how much iiK'dulla must be present to bt* harmful. In this 
connection it might be pointed out that one of the Lomney wools that 
ai)peared to be free from medulla when examined with tin* T*aked eye, showc'd 
a fair proportion of fibres with a very fine nu'dulla in the microphotographs. 
It would seem, therefore, that when more attention is paid to tne careful 
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selection of stud Romneys, with the greatest uniformity of wool character- 
istics and an absence of medullat(‘d fibres, that a desirable type of wool will 
be produced. 

It might also be pointed out here that in many ol tlie rases whtTe the 
trade opinion of the fleeces noted a particularly soft handle, it was subse- 
quently found that the wool had a low contour figure*, i.e. it more nearly 
approached the circular. Altliough the contour or ellipticity of the wool 
tibres is not the only factor that jflays a part in the handle of a wool, it 
probably has a considerable influence on this factor. 

Photomicrograplis A and B resj)ectively illustrate moderately even and 
regular Romney and Corriedak* wools, while C and I) n*sp(*('tively illustrate 
bad cases of irregularity in the Konint*y and in the* Corriedale. 

The author is greatly indebted to the ('ouncil of the Wool Industries 
Research Association for permitting the work to b(‘ done* in tlw* laboratories 
at Torridon; to Dr. S. G. Barker, Director of Research, for h(*lpful advice; 
and to Mr. C. (i. Winson and Miss A. L. W'alker, without whose valualfle 
assistance it would not have be<*n j)ossible to carry out the work. 
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18— THE SULPHUR CONTENT OF SOME SOUTH AFRICAN 

WOOLS 


By F. N. Bonsma 

Faculty of Agriculture. Pretoria University, South Afritd 
{From the Wool Industries Research Aseociation) 


From a chemical point of view, wool is singular among the commercial 
products produced by our farm animals, on account of the large proportion 
of sulphur which it contains. Its sulphur content is considerably higher 
than that of such t5^ical protein-rich products of animal origin as milk, 
eggs, mutton, beef, pork, etc.* 

During recent years wool research workers have devoted much attention 
to problems bearing upon the sulphur content of wool. Thus the work of 
Rimington* and of Marston* has shown that practically the whole (95-99%) 
of the sulphur is present as cystine, one of the sulphur-containing amino acids 
of proteins. Since a fair average figure for the sulphur content of wool is 
3’5%» fhis means that cystine comprises as large a proportion as 13*1% of 
wool keratin. Barritt and King^ have analysed numerous samples of wool, 
derived from different breeds, for sulphur content, and have definitely estab- 
lished the fact that the sulphur content of wool is variable. 

The cause of this variability still lacks satisfactory explanation — one can 
only speculate as to its reason. 

In dealing with a biological substance such as wool, it becomes exceedingly 
difficult to determine the nature of this variation. Wool is a product of the 
living organism, and is therefore subject to genetic, nutritional, and patho- 
logical influences. Such factors as breeding, age, and sex of the animal 
must be closely considered before determining whether nutrition has any 
influence upon the cystine or sulphur content of the wooLf 

The suggested importance of the sulphur content of wool from a manu- 
facturing point of view may be summarised by the following quotation from 

Barritt and King®— “ its role in solidifying the primary plasmic material 

and in strengthening its chemical stability in proportion to the amount 
incorporated becomes feasible. This suggests a parallel with the variation 

in strength and elasticity of rubber vulcanised to varyi^ degrees.*' . 

* Hahn and Goodridge,! •*Sulp^ Metabolism." give the following figures for tlu-so 


products — 
Mutton . 


Cows’ milk sp. from 

Pork 

Beef 


(Table 284. p. 167) 

( do. ) 

( 211, p 124) 

( 51. p. 40) 

( do. ) 


0 * 2330 ', 

0*2040/0 

0 * 0240 /^ 

0*2040/0 
0 * 2370 /^ 

t To illustrate the effect of age on the sulphur content of rabbits’ wool, Hahn and Good- 
ridge quote the following figures from During ("Sulphur Metabolism, p. 27, 
Table 26)— 

Hair of rabbit— 1 montli 4*00o/o ... 31 months 

2 month*!, 4*07% ... 41 

2i ,. 3*90% ... 5 

4*210/0 . . 18 


4*36o/o 

4*38o/o 

4*390/^ 

4 - 770 ,' 
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The same authors found a signihcantly lower sulphur content in kemp, 
and suggest that a deficiency in sulphur stimulus favours medulla formation. 
Barker* further states that ' Vool is characterised by its high sulphur content, 
and it has been found that there is a direct correlation between sulphur 
content and spinning quality." 

The problem of sulphur content in wool, therefore, becomes a most im- 
portant one from the producer's standpoint; in the first place, as it affects 
the quality of his wool, and in the second, how the value of his pasture 
may be affected. Since it is generally accepted that cystine cannot be 
synthesised by animals from mineral sources of sulphur or nitrogen, the 
natural supply for the animals* demand must necessarily be in the form of 
cystine derived from vegetable proteins rich in cystine. 

The late Professor T. Brailsford Robertson’ emphasises the latter point in 
his publication on the "Utilisation of Sulphur by Animals" by a theoretical 
calculation in which it was shown that the loss of sulphur from the Australian 
soils amounts annually to 10,000,000 lbs. of sulphur, exported from the country 
in the form of wool. 

Hence the question arises whether the continuous drain on the sulphur 
content from our soils will not lead to a general sulphur deficiency in our 
pastures which will limit their carrying capacity from a wool production 
point of view. On the other hand. Hart and Paterson® state that "the 
total sulphur trioxide precipitated at Madison, Wisconsin, with the rain, 
amounted in the five months, Jime to October 1910 inclusive, to 11*7 lbs 
per acre. The annual amount may tentatively be placed at from 15 to 
20 lbs." 

A solution of the problem of the variation in sulphur content from the 
genetic and nutritional points of view is therefore of primary importance to 
the wool producer. 

The vaduable data accumulated by Barritt and King in their analyses of 
various wools throw very little light on this aspect of the subject, since no 
mention is made by them of the history of the wools analysed, the time 
of shearing and the nutritional and climatic conditions being unknown. 

It was with the object of obtaining some further data on this subject of 
the sulphur content ih wool and with more especial reference to its biological 
and nutritional aspects, that an analysis was undertaken of various South 
African Merino wools which had been produced under known conditions 

For the Merino wools analysed, the writer is greatly indebted to the 
Grootfontein School of Agriculture, and in particular to Messrs. G. Maree 
and L. Roux who conducted the animal experiments, the immediate object 
of which was to determine practical maintenance rations for Merino sheep 
during periods of drought. The sheep used in these experiments were all 
selected Merino Hamels (wethers) of uniform type and age (6 tooth), factors 
which exert an influence upon the production of a biological substance such 
as wool. 

DESCRIPTION OF NUTRITIONAL AND OTHER CONDITIONS IN 
* DIFFERENT GROUPS OF SHEEP 

Group I consisted of six Merino fleeces grown under nonnal conditions 
of karroo pasture for a period of nine months. These sheep were shorn in 
March 1929, and again on the 4th of January 1930. 

Group II — ^The five sheep from this group were shorn on the 27th Nov- 
ember 1928, grazed on karroo veld until the nth December 1928, then 
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being put in small paddocks in which shelters were placed containing feed 
troughs. These paddocks were absolutely free from vegetation. The sheep 
of this group were also shorn on the 12th December 1929. 

The daily ration received by these sheep was as follows—' 

Period ... 11/12/28— 3/ 8/29 ... 2 lbs. of crushed maize and water ad /t6. 

„ ... 4/ 8/29-12/12/29 ... 1 lb. 

Group III were kept under conditions identical with those of Group II, 
shorn at the same time, and received the following daily ration for the 
entire twelve months of the experiment — 

3 lbs. of Oldman saltbush. 

12 ozs. of maize and water ad Itb. 

All sheep of these groups had free access to a lick consisting of two parts 
of salt and one part sterilised bonemeal. 

EXPERIMENTAL 

In the analyses of these wools the shoulder wool only was considered. 
From each fleece the shoulder was carefully selected, divided into 32 zones, 
and a small sample from each zone taken for the bulk sample for sulphui 
analyses. 

In the case of Groups I and II, small samples from each zone were also 
selected for an analysis of the cross-sectional area, and in the veld fleeces 
the fineness was also determined by the length per unit weight method, fully 
described by Roberts.® 

The sulphur analyses were done by a modification of the Benedict Denis 
method recently described by Rimington.^® Triplicate samples of each wool 
were analysed for sulphur. In any case where a difference greater than 
()*oo6% (i.e. a difference greater than i-6% of the amount determined) was 
found, the analysis was repeated. 

The wool was thoroughly freed from any adhering matter by washing it 
twice in hot pure benzene, followed by a washing in o-i% saponic solution 
and repeated washings in distilled water. 

The wool was then allowed to dry. Before taking the samples for the 
sulphur and regain determination, the dry wool was thoroughly combed by 
means of two hand carding brushes, thereby ensuring that a thoroughly 
homogeneous sample was taken. The wool was then allowed to condition 
in a room of fairly constant humidity for a period of 24 hours. Two separate 
regain (moisture) determinations were made in conjunction with each sulphur 
determination. The procedure followed in regain determination was 
identical with that described by Barritt and King.* 

NUTRITION AND SULPHUR CONTENT 

In Table I the percentage of sulphur and regains of the wools from the 
individual sheep on the various rations are tabulated, together with a des- 
cription of each wool. 

An inspection of this table reveals the following points— 

A considerable variation in the sulphur content in the wools from different 
individual sheep fed on the same diet. It would therefore seem at first 
glance that nutrition has no direct influence on the sulphur content of the 
wool of sheep identical in age, type, and sex. This suggests that the sulphur 
content of wool is an inherited character. 
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Table 1 


Group 

Number 

of 

Sheep 

Average % of 
Sulphur on 
Dry Weight 

Regain 

Trade Remarks on Whole Fleece 

I (Veld fleeces) ... 

193 

196 

198 

203 

204 
207 

3-56% 

3*60% 

3-61% 

3*71% 

3-24% 

3-72% 

12*41% 

12*98% 

12*84% 

14*65% 

14*97% 

13*59% 

Good soft handle, 64*s quality. 

,, 60-70*8 quality. 

,. 70*8 quaUty. 

„ 64-66*8 quidity. 

Fairly good handle, 60*s quality. 
Good soft handle, 64-60*8 quality. 

11 

1 

3*90% 

12*77% 

Good handle but tender at tip. 

(Maise-fed sheep) 

5 

3-74% 

15*03% 

64-60*8 quality. 

Very good handle but sUghtly 


6 

3-85% 

14*01% 

tender at tip, super 64*8. 

Good handle but tender at tip. 


7 

3*37% 

12*67% 

64*8 quality. 

Good handle — sound, 66-70's. 


9 

3*70% 

14*62% 

Very good handle — sound, 70 's. 

III 

111 

3*48% 

14*27% 

Good handle — sound, super 64*s. 

(Oldman saltbush 

112 

3*30% 

17*24% 

Fairly good handle — sound, 60 's. 

and maize-fed 

114 

3*19% 

15*40% 

Good soft handle— sound, W*s 

sheep) 

116 

1 3*06% 

15*06% 

Poor handle — tender-common. 



1 

64-60*8 


The results tabulated in Table II of analyses made along the length of 
the staple of various of the above wools throw an entirely different light 
upon the problem, however, and reveal the influences that nutrition has 
upon the sulphur content of wool. 

In detennining the sulphur content of the three different fractions, tip, 
middle, and root staples from each sample were selected and cut into three 
equal portions. Three sulphur determinations on each of these three 
fractions were carried out in exactly the same way. 

Table II 


Csroup 

Number i 
of 

Sheej^ j 

Fraction , 

Average 
Sulphur % on 
Dry Weight 

Average 

Regain | Sulphur % lor 
Three Fractions 

1 

1 

1 

r Tip 

Middle .. 
Root 

3-66% 

3-63% 

3-81% 

14-55% 1 ] 

14- 72% 

15- 29% 'J 

. 3-70>"„ 


193 M 

1 

r Tip 

Middle ...' 
Root 

3-54% 

3-38% 

3-71</, 

14-26% I 
10-47% 
16-15% ij 

. 3-54% 

i 

- - 

! 196 ‘j 

r Tip 

Middle ... 
L Root 

3-62% 

3-44% 

3-71% 

14-23% 1 

14-14% ' 

14-68% J 

► 3-59% 

III 

1 111 |- 

i ' 

r Tip 

Middle ... 
L Root 

3*52% 

3*48% 

3*48% 

14-76% 

iiisi ^ 

1 1 

j-- 3-49% 


112 

r Tip 

Middle ... 
Root 

j 

3*31% 1 

3*30% 

3*35% 

! 15-53% n 

15-52% 
15-73% J 

. 3-32% 
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The figures obtained from the three veld-grown fleeces afford, perhaps, 
the most interesting data from a nutritional point of view. In each of these 
wools the sulphur content of the root fraction was invariably the highest, 
that of the middle fraction the lowest, whilst that for the tip fraction lay 
between these extremes. Before discussing the importance of this pheno- 
menon, let us briefly consider the nutritional value of South African pastures 
throughout the year. 



Fig I gives a graphical illustration of the decline of the nutritional value 
of natoral vegetation in the summer rainfall area (the sheep growing ana) as 
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the season advances from the beginning of spring towards the end of winter. 
In the main sheep-growing coimtry, 70-85% of the annual rainfall is pre- 
cipitated during the spring and summer months. The average monthly 
distribution of rainfall in this summer rainfall area, as recorded by the Union 
Observatory over a period 1904-1929, is presented by the dotted line in 
Fig. I. This graph clearly illustrates the great difference in the amount 
of rain precipitated during the sununer and winter months respectively. 

Shortly after the first torrential spring rains — ^which may be expected 
towards the end of September or during October in normal years — a rapid 
growth of young vegetation replaces the depleted and comparatively bare 
pasture. Within the next few weeks the pasture reaches a maximum 
digestibility and nutritive value, and of particular interest is the fact that its 
protein content also is then at its highest. 

From this time onwards, although the amount of vegetation still increases, 
its digestibility and protein content rapidly decrease. Towards autumn and 
during the winter months the pasture becomes rapidly depleted. Sheep 
which are entirely dependent for their nutrition upon the vegetation of the 
pasture usually lose condition and weight during the latter period. 

Staples and TayloH^ give the following interesting account of the decline 
in nutritional value of pastures in South Africa — "Young pasture, as well 
as being rich in protein, has been shown to have a higher mineral content. 
The digestibility coefficient of the young grass is also exceedingly high, over 
80% even of the fibre, and if the moisture content is disregarded the dry 
matter of young grass can be considered in the nature of a remarkably digest- 
ible concentrate with a narrow nutritive ratio of about 1-3. The mature 
herbage on the other hand has not only a far wider nutritive ratio of about 
i-io, but also is much less digestible (a coefficient of about 50% as compared 
with 80 per cent.)." 

"The percentage of crude proteins drops sharply as the herbage becomes 
older and more stemmy. The eight months' old veld grass only contains 
2*96% of crude protein, as compared with 12*25% in the young stage." 

Considering the figures for the three fractions of the veld-grown fleeces, 
it is remarkable how these correspond with the fluctuations in the value of 
the pasture. The three periods which these fractions represent are shown 
by the perpendicular lines in Fig. i. From this graph it will be seen that 
the tip fraction represents the wool growth during the period in which 
the nutritive value of the pasture is in rapid decline. 

The middle fraction corresponds to the period in which the pasture has 
reached its lowest feeding value, together possibly with the first few weeks 
after the spring rains (depending upon the date of the first seasonal down- 
pour). The root fraction represents the growth which took place following 
the spring rains, i.e. at a time when the pasture was at its maximum feeding 
value. On the other hand, the figures for the sulphur content of the wool 
grown by that group of experimental sheep which was kept on a constant 
ration show no, appreciable difference as between the middle and root 
fractions. The three periods of growth represented by the fraction from the 
experimentally fed sheep are represented by the dotted perpendiculars on 
the accompanying graph. 

Considering the fact that it is customary in the principal sheep growing 
areas of South Africa and Australia to shear the flocks during September and 
October, the higher sulphur content found in the tip of the wools analysed 
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by Barritt and King is therefore susceptible to a precisely similar explana- 
tion, the tip fraction of their samples representing growth during the spring 
months of luxurious herbage. 

The results for the total sulphur analyses of the fleeces produced by the 
sheep fed on a diet of maize only, are somewhat surprising. With the ex- 
ception of fleece No. 7, these wools show a sulphur content normal for Merino 
wools. Maize is a cereal not only low in its protein content, but its proteins 
are also known to be deficient in certain of the amino acids, viz. tryptophan 
and lysine. 

According to Hahn and Goodridge, maize contains 0*147% sulphur, and, as 
compared with other cereals, it cannot be considered as sulphui deficient. 

It would therefore seem that the percentage of sulphur in wool is not 
so much influenced by the total percentage of protein in the diet as by the 
relative quantity of cystine supplied in the latter. 

The above data seem to lead inevitably to the conclusion that, although 
the sulphur content of sheep's wool is largely an individual character inherent 
or inheritable, this characteristic figure may be altered by the operation of 
a certain set of environmental circumstances, such as, for example, limitation 
of the cystine supply in the natural diet. As long as the demand for cystine 
for the production of wool by the animal is adequately met by its nutritional 
intake, the wool produced will have the normal sulphur content, inherent for 
that animal. When, however, the supply becomes inadequate to meet the 
demand, a reduction follows in the sulphur content of the wool produced. 
This is similar to the case in the nutrition of rats studied by Lewis and 
Lightbody^* in which feeding of adults upon a diet deficient in cystine was 
foimd to lead to a reversion on the part of such animals to the “puppy" coat 
notably poorer in sulphur, which is characteristic of the young rat. 

From the figiues quoted in this paper it is evident that such nutritional 
factors are operative upon sheep grazing under typical sheep fanning con- 
ditions upon the South African veld (Karroo). The variation in the nutritive 
value of the pasture may be seen reflected in the varying composition of the 
wool grown during the different seasons. 

No data arc at present available to show whether with diminishing sulphur 
content there is also a diminishing production of wool in bulk. 

An interesting line of research is hereby opened up which is of consider- 
able economic importance since it may prove that limitation of sulphur supply 
is capable of influencing both sulphur content and actual weight of fleece 
produced during such a period. 

SULPHUR CONTENT OF WOOL AND ITS RELATION TO CROSS- 
SECTIONAL AREA AND CONTOUR 

The cross-sectional area and contour of the wools from Groups I and II 
were also analysed. The technique fully described by Winson” was followed 
in this determination. In addition to the South African Merino wools, data 
on the cross-sectional area, contour, and sulphur content of eight other 
wools from different breeds were also available. 

The fineness expressed as length per unit weight was also available for 
the shoulder wool of Group I. Table III gives a summary of the results of 
these analyses. 

The data accumulated in Table III should be regarded as prelimmary 
and insufi&cient from which to draw any definite conclusions. The limited 
figures available, however, do n6t indicate any correlation between fineness 
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Table III 




(iroup 

N umbel 
of 

IHeeces 

Average 

1 Sulphur 
> Content 

Cross- 

sectional 

area 

Coeflicient 

of 

N’anation 

Contour 
expressed as 
Major axis 
Minor axis 

Length 

per 

unit 

weight 

cm./mg 

1 

193 

3-56% 

4-100 

31*18% 

1*217 

275 

Veld decces 

196 

3-60% 

3*607 1 

1 37*82% 

1*196 

274 


198 

3*01% 

3*867 

32*20% 

M81 

254 


203 

3*71% 

3*737 

39*35% 

1*205 

258 


204 

3-24% 

5*570 

56*18% 

1*214 

186 


207 

3*72% 

5*157 

33*75% 

1*211 

244 

11 

1 

, 3*90% 

5*110 

28*50% 1 

I 1*202 


Maizc-fed 

5 

' 3-74% 

4*023 

26*05% 

1*170 


sheep 

6 

3-85% 

4*066 

25*96% 

1*206 



7 

3-37% I 

4*256 

29*24% 1 

1 1*199 



9 

3-70% I 

3*990 

27*85% 

1*195 


Other 

Southdown 

' 3*43% 

5*554 

45*87% 

1*226 

1 

Wools 

Tegs 







Southdown 

3-57% 

6*814 

48*16% 

1*199 1 



Ewes 







Shropshire 

3*55% 

12*164 

34*85% 

1*308 



Wethers 







Shropshire 

3 13% 

7*430 

37*17% 

1*247 



Half'bied 

3*30% 

9*558 

33*43% ^ 

1*327 



Wethers | 







Kent ' 

' 3-14% 

9*538 

1 41*60% 

1*223 



Wethers 



1 




Irish 1 

3 27% 

13*740 

31-99% 

1*313 1 

1 


Wetheis 







Lincoln | 

3 32% 

1S114 

33-18% 

1 161 ; 

1 

1 


Wethers 

1 

1 

1 

1 

1 1 

1 


or contour and sulphtir content either within the same or irrespective of the 
breed. It is well-known from practical experience among sheep farmers in 
South Africa that during seasons of drought in which the pasture is poor and 
depleted, the wool tends to become finer. On the other hand, during good 
seasons the same sheep will produce a bulkier and stronger (coarser) fleece 
The influence of poor conditions of pasture on the sulphur content of 
wool has been mentioned in the first part of this paper — depleted pastures 
lower the sulphur percentage — and the figures quoted afford demonstration 
of the fact that, even under identical nutritional conditions, wools of 
different sheep may vary in sulphur content (inherent variability) just as 
they are known to do in fineness. 

It is thus of great importance to realise when any attempt is being made 
to correlate sulphur content with fineness, that fineness itself is the resultant 
of two factors (inherent variability and nutritional conditions) just as is 
sulphur content, and that variations in the one factor, ''nutritional con- 
ditions," operate in opposite directions in the two cases. 

It should, however, be pointed out that in attempting toycorrelate fine- 
ness (as determined microscopically by cross-sectional area) and sulphur 
content, the area is determined only at one point along the fibre, and there- 
fore does not represent a true average figure for the fibre along its total length, 
which may vary considerably in this respect. On the other hand, in the 
determination of the sulphur content, eadi fibre contributes according to 
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its weight. Fineness for comparison with sulphur content should therefore 
be determined by the method based upon len^h per unit weight. 

Bamtt^ King, and Pickard^^ have recently published a paper dealing 
with a similar aspect of the subject of nutrition and sulphur content in 
rabbit wool. At first sight their results seem contradictory to those ob- 
tained by Lewis and Lightbody quoted in this paper, and to those recorded 
by the present writer. A closer examination of their results indicate, how- 
ever, that they are still in accord with those found in this work, since the 
ration used in their feeding experiments was evidently not sufficiently 
deficient in cystine to influence the optimum inherent sulphur content of the 
wool. 

No mention was made of the cystine content of the ration used, and the 
minimum cystine requirements for the production of wool with its optimum 
inherent sulphur content by the rabbit is still an unknown quantity as fai 
as the writer is aware. 

Adult rabbits were used and may vary considerably in age. The 
slightly increased sulphur content found by them in the second season 
clip may, therefore, be due to the influence of increase in age as has been 
shown by During. Also, if their theory “that the sulphur stimulus under 
which keratinisation of the cells proceeds — ^we must presume by incorpora- 
tion of the cystine nucleus into the protein structure is most active im- 
mediately after shearing** is correct — the higher figures obtained in the 
second season *s wool may be explained by the fact that the period between 
the times of shearing of the first season was 105 days against 84 in the 
second. 
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19— NOTE ON THE RELATIONSHIP OF FIBRE FINENESS 
AND WOOL QUALITY IN COMBED TOPS 

By S. G. Barker and C. G. Winson 

(Wool Industries Research Association) 

Quite recently a very interesting relationship has been found to exist 
between the average fineness of a standard English combed top and its 
position in the scale of qualities. The same relationship may also be shown 
to hold in principle for the French, German, Italian, and other Continental 
standards. 

The values of fineness used to establish this relationship are those which 
have recently been published from this laboratory as the results of measure- 
ments on a range of tops which has been selected by the trade itself to con- 
tain typical qualities. These results are summarised in Table I. 



QUALITY NUMBER 

Fig I 


It has been found that a linear relation^ip exists between the logarithm 
of the average fineness of a top, expressed as the weight of lo metres of fibre, 
and its position in the scale of qualities when equal intervals are assumed 
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Table I 


Quality 

X 

! 

Weight in milligrammes of 10 metres of fibre 
at 18i% regain. 

j (?) 

1 

1 

T W 

Log..L 

80 

3 

1 

1 

4-64 

*6665 

70 : 

4 

1 

5-04 

-7024 

64 1 

5 


603 

*7803 

60 

1 ^ 


in 

-8555 

58 

1 7 


8 01 

-9036 

56 

1 8 

1 

9*55 

-9800 

50 

1 d 

1 

11-69 

1-0679 

48 

1 10 

1 

13-10 

1 1173 

46 

i 11 

1 

1 

13-41 

1-1274 

44 

12 


15-25 

1-1832 

40 

13 


16-21 

1-2098 

36 

14 

1 

15-71 , 

1 M962 


between these qualities. It is convenient to ascribe the numbers 10, 9, 
8 ... 2 to the qualities 48*5, 50'b, 56’s . . . Bo's, thus providing, 
if necessary, for two qualities above 8o's. The relationship found is true 
from the highest down to the 48's quality. Fig. i shows the result of plotting 
the logarithm of the weight/length ratios of fineness against the position of 
the top in the scale of qualities according to the grade numbers above. The 
best values for the constants of the line passing through these points have 
been calculated by the method of least squares. It tlicn appears that the 
relation between fineness and quality for British tops is expressible by the 
equation — 

W 

X = 1479 I0810 L - ^*58 (i) 

where the successive values of x, 10, 9, 8, etc., represent the qualities 48's, 

W 

50's, 56's, etc., and where j- is the weight in milligrammes of 10 metres 
of fibre taken at a regain of 18J per cent. 


Equation (i) may also be written in the form — 


from which it is apparent that on substituting the successive values of ^^, 
namely, 3, 4, . . . 10, the scale of fineness becomes in reality a series 

of values in geometric progression with a constant ratio, f ^ . 

Equation (i) is very useful. Once the mean fineness of a top is known 
its position on the English scale of standards may be readily obtained. 
Conversely, the mean fineness of any top conforming to the standar^ may 
be found by substituting the corresponding value of x The relationship 
expressed by the equation also lends itself very well to diagrammatic treat- 
ment. If the fineness readings are marked off on a logarithmic scale, the 
mean values for the different qualities wiU occur along a collateral scale at 
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equal intervals. It is thus quite easy to construct a fineness scale from 
which values can be read off instantly. (Fig. 2 .) 



SCALE OF FINENESS 


Fig 2 

In the coarser wools the presence of meduUated fibres would, of course, 
render the weight/length method for measuring fibre fineness somewhat tm- 
reliable owing to variations in fibre density in such cases. Contour measure- 
ments would be more accurate for thickness determinations. 

French StancUurde 

The figures for French standards put forward by MM. Dantzer and 
Roehrich^ after examination of a range of French tops are found now to 
conform to the same law as that expressed by equation (i), with, of course, 
a difference in the constants of the equation necessitated by a different 
nomenclature. MM. Dantzer and Roehrich have employed the numberb 
17, 16, etc., to correspond to the French qualities 150, 140, etc., according 


:o the following scale — 

Table 11 



French 

Qualities 

Quality Number 
(MM Dantzer 
and Roehrich) 

_1 

Weight in milligrammes of 10 metres of 

fibre at 18|% regain . 

w 1 

L 

T VT 

1 Log«L 

150 

17 

2-52 

1 

-4014 

140 

16 

2*93 


•4670 

130 

15 

3-39 


•5307 

120 1 

1 

3'91 


-5920 

110 

13 

4»47 


•6507 

100 

12 

519 


•7155 

P 

11 

5-97 


-7756 

I 

10 

6-89 


•8383 

11 


802 


•9043 

111 

' 8 

9*31 


•9688 

IV 

7 

10-95 


1-0396 

\' 

6 

12-96 


M126 

VI 

5 

15*48 


1-1897 

C 

4 

18-92 


1-2770 


Using these values in the same way as for the English tops, we have found 
that the relation between fineness and quality for French tops may be 
represented by the equation — 

W 

. X = 23-30 - 15-77 logic L (3) 

This relation holds from the finest down to the IV’s quality. « In this equation 
X signifies the quality according to the nomenclature of MM. Dantzer and 
W 

Roehrich and j- the weight in milligrammes of lo metres of fibre taken at 
a rcgfain of i8| per cent. 
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German Standards 

Fineness figures in terms of the weight of lo metres of fibre are as yet 
not forthcoming for approved German tops of different qualities. In the 
Melliand TexHlberichte for July 1930. p. 516, Flail* publishes the following 
scale of finenesses obtained after numerous measmements had been carried 
out on raw wool and tops. His results are stated in terms of the average 
fibre width expressed in fi (Table III). 

We have included in the last column of the table the common logarithms 
of the mean fibre width for each quality in order to show that when these 
are plotted against the qualities in the first column at equal intervals a straight 


Table Iff 



Quality 

1 

1 Limitb of mean fibre 

1 width m fi 

Mean fibre width 
in fi 

^ Loganthm of 

1 preening column 

1 

4A 

Below 16*5 j 



2 

3A 

16-5— 18-5 

17 50 

1 24^ 

1 

2A 

18-5~210 

1 19*75 

1*2956 

4 I 

A 

21 •0—24*5 

22 75 ! 

1*3570 

5 ' 

B 1 

1 24*5—28*5 

26 50 

1*4232 

6 

Cl 

28*5—32 5 

30 50 

1 4843 

7 

C, 

32*5—37*0 

34 75 

1*5409 

8 


37.0—42*5 

39 75 

1*5993 

9 

1 

42*5—49 5 

46 00 

1*6628 

10 

E 1 

49*5—59*5 

54*50 

1*7364 

11 

F 

> Over 59 5 , 

1 • 1 



line relationship is obtained, the finenesses of the range of qualities thus 
forming a geometric progression. Allotting to the qualities 4A, 3A, etc , 
the numbers i, 2, etc., it may be shown that the relation between fineness 
and quality for German standards is expressed by the equation — 

X = 16-15 log,o F - 17*96, 

where F represents the mean fibre width in /< and the successive values of 
T. — I, 2, 3, . . . Ti, the quahties 4A, 3A, 2A, . . F. 

Italian Standards 

In view of the foregoing it is interesting now to consider the Italian 
standards put forward by Commander Schneider at the Bradford meeting 
of the International Wool Conference* in November 1929. He has suggested 
A fineness scale based upon a geometric progression. This scale is reproduced 
in Table IV. Finenesses are again expressed in terms of mean fibre width 
in M. 

Table IV 


} messe Mean fjbre I 
I width m 


Log mean I messe 

fibre width 


Mem fibie Log mean 
width in fi fibre width 


1 

15*7 

! 1 1959 

2 

16*4 

1 2148 

3 

17*1 

1*2330 

4 

17*8 

1*2504 

5 

18*5 

1 2672 

6 

1 19*3 

1*2856 

7 

20*1 

1*3032 

8 

21*0 

1*3222 

9 

21*9 

1*3404 

10 

22*9 

1 1*3598 

n 

23*9 

1*3784 

12 

24*9 

, 1*3962 

13 I 

1 25*9 

1 14133 


14 

27 0 

1*4314 

15 

28 2 

1*4502 

16 

29 4 

14683 

17 

30*6 

1*4857 

18 

319 

1*5038 

19 

33 2 

1 5211 

20 

34*6 

1*5391 

21 

36*1 

1 5575 

22 

1 37*6 

1*5752 

23 

39*2 

1*5933 

24 

41 0 

, 1*6128 

25 

42*8 

' 1*6314 


1 
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Here, too, it will be noticed that, in accordance with Schneider's observa- 
tions the successive degrees or grades differ from each other according to 
the law of the geometric progression. In this case the equation connecting 
the quality and the mean fibre width may be shown to be — 

X « 55-88 logio F — 66 00, 

where F as before stands for the mean fibre width in ja and the values of 
X : — I, 2, 3, . . . express what Schneider calls the finesse. 

All the four systems of finenesses which have been dealt with above differ 
both in the number of grades they employ and in nomenclature. Each system 
has been evolved from the needs of the particular country it serves, and yet 
all have one feature in common, viz., the scale of fineness in each country 
is in geometric progression. It would seem that there should be some 
fundamental reason for this mathematical relationship. To imderstand 
this it is necessary to remember the manner in which the wool is 
first graded into the different qualities. This highly skilful work is done 
by the sorter, who, using both eye and hand, sorts out the wool into 
the qualities or grades which custom has established in his particular country. 
The question to be answered is, why do the finenesses of these grades form 
a geometric progression? In i860, Fechner,® in his "Elemente der Psycho- 
physik," put forward the law now known as the Fechner-Weber Law, which 
states — *Tn order that the intensity of a sensation may increase in arithmetical 
progression the stimulus must increase in geometrical progression." This 
law, holding good between certain limits only, is expressed in his general 
formula, I = C log S, where I stands for the sensation and S for the stimulus, 
and C is a constant. If we regard the wool-sorter's judgment as indicative 
of I, then it must inunediately follow that any attempt on his part to form 
a gradation of finenesses will result in a scale in which successive finenesses 
increase in geometric progression. This, as we have shown, is exactly the 
case in practice in all countries. 

It must, of course, not be forgotten that two senses are employed in 
wool sorting, viz. sight and touch, and that Fechner's Law apparently is 
applicable only to the former.® Thus the result of a selection emplo3dng 
the visual sense would result in a gradation of wool into classes whose mean 
finenesses are in geometric progression. The tactile sense may in some way 
be related to the auxiliary question of "handle." 

The formula given by Fechner, I = C log S, finds its counterpart in the 
different systems of classification for each country as below — 

W 

England (Wt/Length) x = 14-79 logio •£ - 6-58. 

W 

Francd (Wt/Length) x = 23-30 - 15-77 logio 

Germany (Fibre Width) ... x = 16-15 log,o F — 17-96 

Italy (Fibre Width) x == 55-88 logic F — 66-00 

The agreement of commercial practice with the psycho-physical law of 
Fechner and the mathematical laws shown above may bo regarded as the 
fundamental basis of wool sorting in all countries. This being known, a 
convenient and secure starting point is afforded for the discussion of an 
international scale of fibre fineness capable of interpretation by all countries, 
without in any way disturbing current trade practice. 
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INTRODUCTION AND SUMMARY 

Natural cotton celluloses that have been purified in the usual way by 
boiling with a dilute solution of sodium hydroxide, with or without fuller 
treatment with a well-controlled oxidising bleach liquor, are characterised by 
a more or less uniform level of reactivity or absorptive capacity. This has 
been proved by the work of Birtwell, Clibbens, Geake, and Ridge, ^ on the rate 
of oxidation with alkaline hypobromite, and by the measurements of absorp- 
tion of water vapour made by Urquhart and Williams.^® If, however, the 
cotton is subjected to the action of a swelling agent such as sodium hydroxide 
more concentrated than about '3N, washed and dried (e.g. if it is mercerised), 
its reactivity is much enhanced in all the aspects characteristic of cellulose 
itself. This is true of the moisture absorption^** the reactivity towards 
alkaline hypobromite^ or acids^^, the absorption of dyestuffs,® the heat of 
reaction with sodium hydroxide solutions below mercerising strength,® and 
the preferential absorption of sodium hydroxide from dilute solution.^® 
Urquhart and Williams have shown that the relative increase of moisture 
absorption brought about by pre-treatment with mercerising alkali is constant 
at aU concentrations of water vapour, or in other words treatment with alkali 
increases the capacity factor but not the intensity factor. As will be seen 
in the sequel, the capacity for absorbing alkali increases in a similar way, and 
the behaviour of the activated material towards water vapour or towards 
dilute sodium hydroxide solutions therefore resembles quantitatively that 
of a greater mass of the original cellulose. The ratios expressing the relative 
increases in activity towards the different reagents are not in general the same. 
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but vary from reagent to reagent. Thus for a tj^ical technically mercerised 
cotton cloth the activation ratios compared with pure natural cellulose were 
towards water vapour 1*25, towards dilute sodium hydroxide 177, and to- 
wards alkaline potassium hypobromite I'SS. The evidence at present 
available is insufficient to warrant a discussion of the relation between these 
three ratios, which usually, but not invariably, place different materials in 
the same order of activity. Though mercerisation enhances the activity of 
cellulose towards tlie reagents mentioned above, it does not produce any of 
the changes usually associated with the chemical degradation of cellulose, 
such as loss of hair strength,^^ rise of fluidity in cuprammonium solution,^ 
of copper number, or of a])sorption of methylene blue.^ 

The degradation of cellulose is brought about by treatment with acids or 
oxidising agents, and is quite distinct from that of cellulose “activation” or 
“mercerisation,” which is caused by treatment with swelling agents. The two 
types of change may go on cither quite independently, or, by the use of 
swelling agents such as sulphuric acid, may proceed together. These two 
quite distinct types of change are often confused in the literature, and it 
seems desirable to emphasise here their entire independence. 

The “degradation” processes lead to the development of new chemical 
properties, such as reducing power, foreign to those of the purified natural 
cellulose, while the “activation” processes merely develop to a greater extent 
the original properties of the material. The most reasonable interpretation 
of the activation of cellulose that results from swelling is that the swelling 
process permanently disrupts some of the residual valence links between the 
hexose units, so that in the activated product there exists a greater proportion 
of free accessible hydroxyl groups and oxygen linkages. 

Of all the enhanced properties that have been described, the preferential 
absorption of alkali from dilute solution seems most susceptible of easy 
measurement. Vieweg^® long ago suggested that it might be employed to 
measure what he called “degree of mercerisation,” but failed to put it forward 
on a basis capable of withstanding critical examination. Perhaps largely on 
this account the method has failed to receive the attention it merits. 

The discovery that large differences exist in the amounts of heat 
developed® when different forms of cellulose react with caustic soda solutions 
below mercerising strength again suggested the possibility of using the 
reaction with such solutions for the characterisation of the state of activation 
of cellulose. Of the various aspects of this reaction, the determination of the 
preferential absorption of alkali from the change in concentration of the liquid 
phase is the most simple experimentally, anfl the present paper describes the 
use of this quantity as an approximate measure of the activation of the cellu- 
lose consequent upon treatment with reagents causing swelling. It is 
necessary to make a compromise in tlie choice of the reagent concentration. 
In certain oxidised celluloses characterised by a high absorjition of the basic 
dyestuff methylene blue it might be expected that a small proportion of 
carboxylic acid groups would be present and that these would give rise to 
a small absorption of alkali almost independent of the concentration. Since 
the object of the test is to measure the reactivity of the much more weakly acid 
hydroxyl groups present in much larger amount, a fairly high alkali concentra- 
tion must be used in order that the reaction with these latter may predominate. 
On the other hand the use of a solution sufficiently concentrated to swell the 
cellulose of itself must obviously be avoided. Experience with the reaction 
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has indicated half normal solution (as used originally by Vieweg) as being of a 
suitable concentration, for it is found that overbleaching leading to almost 
complete loss of strength has but little effect on the absorption of sodium 
hydroxide from such a solution, and that swelling of the cellulose by the 
reagent itself does not interfere until the concentration exceeds twice normal. 
The measurements now put forward indicate how the preferential absorption 
by various types of cellulose from solutions of sodium hydroxide up to a 
concentration of $N varies with the concentration of the alkali. In opposition 
to the results of Rumbold,^** who observes a constant absorption between N 
and 2N concentration, it is found that cotton that has been mercerised loose 
and air dried gives a smooth absorption curve of the characteristic ''adsorp- 
tion" shape, while the curve for purified natural cotton smoothly approaches 
an asymptote at about 2N concentration, rises rapidly as swelling occurs, 
and finally approaches a higher as3nnptote at concentration. In sodium 
hydroxide solutions of any chosen concentration below 2N, the absorptions 
characteristic of various samples of cellulose bear a constant ratio to each 
other. 

In the present paper the preferential absorption of alkali, calculated from 
the change in concentration of the liquid phase on the assumption of a 
constant mass of water therein, is put forward as a characteristic property 
of cellulose. In the first paper of this series, however, it was pointed out that 
this quantity probably has little fundamental significance and is to be 
regarded as dependent, not only on the amoimt of sodium in chemical com- 
bination with the cellulose, but also to a smaller extent on the amount of 
water imbibed by the cellidosc phase. This latter quantity is not as a rule 
exactly known, but rough values may be obtained from the data of Coward 
and Spencer,® and by means of these the combined sodium may be calculated 
from the observed preferential absorption.* 

If this be done it is foimd that the preferential absorption is less than the 
combined sodium in a ratio varying between 0*65 and 075 according to the 
possible variations of alkali concentration between Njio and 5iV, and of water 
imbibition between 4 and 16 moles per mole. Over such an extreme range 
this variation in ratio may be regarded as small enough to justify the use of 
the preferential absorption as an approximate measure of the reactivity of 
celluloses towards alkali. 

In reagents such as caustic soda, zinc chloride, or sulphuric acid of suitable 
concentration and temperature, cotton cellulose may swell to a great extent. 
If the swelling, as judged by change of dimensions, is about equal to or more 
intense than that afforded by mercerising caustic soda at the ordinary tem- 
perature, the washed and dried product absorbs nearly three times as much 
alkali as docs the unswollen material. Solutions of cuprammonium hydroxide 
just below solvent concentration are, however, capable of causing great 
swelling without a corresponding large increase in the activity of the product 
towards alkali. The rayons, representing cellulose that has passed through 

♦The relation is readily obtained from the equations of the first paper and is — 

-a) , ■ 

where p * preferential absorption, moles per mole. 

a ** molar fraction of cellulose existing as sodium salt. 
c n alkali concentration in external phase, moles per mole o HjO. 
moles of water imbibed by one mole of cellulose. 

It will be noted that as c approaches sero, p approximates to a. 



Relations with Aqueous Solutions, Part III — Neale 


T323 


a phase of complete dissolution, absorb more alkali than any samples of 
cellulose that have merely been swollen. 

The application of tension to yam or cloth restrains the swelling of the 
hairs, and leads to a product of lower reactivity towards alkali. Drying at a 
high temperature also reduces the alkali absorbing power of certain mer- 
cerised cottons of high activity. Cotton mercerised in the grey state and then 
scoured by boiling with a dilute solution of caustic soda shows a lower alkali 
absorption and a lower reactivity towards alkaline hypobromite^ than 
cotton mercerised in the scoured condition. Measurement of its capacity 
for absorbing dilute alkali has been used to investigate the reactivity 
of cotton that has been treated with caustic soda solutions of varying 
concentration. With caustic soda of concentrations above 15% the product 
has a fairly uniform level of activity, but the results show that more than 
three minutes* immersion in the mercerising alkali is required to attain 
the maximum effect with solutions m'ore concentrated than 40 per cent. 
When solutions of caustic soda of higher concentration than 25% are used for 
mercerising, a less active product is obtained if the alkali is washed off by a 
solution of brine, than when water only is used for washing. It is to be pre- 
sumed that the use of brine prevents the transient swelling that takes place 
when cellulose in equilibrium with concentrated alkali is suddenly immersed 
in water. This effect has been described in a previous paper.® 

The determination of the amount of alkali absorbed by mercerised cotton 
prepared with an extremely slow washing process has been used to show that 
mercerisation does not consist essentially in the development of an imperfectly 
crystalline arrangement due to rapid coagulation of cellulose from a state of 
semi-solution. 

A method for the routine examination of samples of cotton goods that have 
passed through the industrial process of mercerisation could be based on the 
determination of the capacity of tli(‘ material for absorbing sodium hydroxide. 
It has, however, been found that similar information as to the state of the 
cellulose is afforded in a manner le.ss exacting experimentally by the deter- 
mination of the preferential absorption of bariiun hydroxide from a quarter 
normal solution. The technique of this test, and some of the results obtamed 
with it, are described in the following paper, but for comparison the baryta 
absorption ratios of some of the cotton samples arc given along with the soda 
absorption ratios in the present paper. 

EXPERIMENTAL METHOD 

(a) Standard Solutions 

Decinormal hydrochloric acid is prepared by weight dilution of the con- 
stant-boiling acid, and is regarded as the standard. Half-nonnal sodium 
hydroxide is prepared by weight dilution of a filtered saturated solution of 
the pure reagent. The titre of 10 c.c. of the half-normal alkali against the 
decinormal acid is determined within 0-02 c.c., methyl red being used as 
indicator, and will be called the initial titre. As the end point is approached 
the solution is boiled to remove carbon dioxide and cooled, until the per- 
manence of the colour indicates that the is stable at about 5*0, 

(b) Dstemilnatloii of the Absorption 

The moisture present in cotton materials affects the apparent absorption 
of alkali in two opposite ways, first by diluting the alkali solution and so 
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increasing the apparent absorption, and secondly decreasing it on account of 
the fact that the amount of cellulose actually present is less than that assumed. 
With industrially mercerised cottons it so happens that these opposite effects 
almost balance, and in general a satisfactory allowance is made if the moisture 
regain of unmerccrised cottons is taken to be 6 %, of mercerised cottons 
9%, and of regenerated celluloses I2 per cent. Thirty c.c. of the N/z alkali 
are added to a weight of the sample corresponding to 2 g. of dry cellulose, and 
the whole is shaken, or allowed to stand with occasional shaking, for not less 
than two hours, preferably in a thermostat at a fixed temperature. Ten c.c. 
of the clear solution are then titrated with the decinormal acid, with the aid 
of the same carefully calibrated pipette and burette as were used in obtaining 
the initial titre. Occasionally with very much overbleached samples it may 
be necessary to filter the alkali through a coarse sintered glass filter to remove 
fragments of cotton hairs. 



FROM INITIAL CONCEN FRATION NfZ 
Fig. I 


(c) Calculation of Itesults ^ 

To determine the difference in the titre of the alkali due to absorption by 
the cellulose, the initial titre must be corrected for the dilution by the esti- 
mated water content of the sample, and, if thermostat control is employed so 
that the pipetted equilibrium solution is at a higher or a lower temperature 
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than the decinormal acid, then the obvious small correction for change oi 
volume should be made to the final titrc. If the difference between the 
corrected initial and final titres is x c.c. of decinormal acid, then the prefer- 
ential absorption calculated on the basis of a constant liquid phase volume* is 
^ milli-equivalents of alkali per CgHioOg equivalent. This figure 
refers to a constant initial soda concentration, the final equilibrium concentra- 
tion of course being lower as the amount of absorption increases. The 
absorption calculated as above can be corrected to that obtained when the 
end concentration is half-normal, if the effect of concentration on the absorp- 
tion is known. This effect was determined in a series of experiments to be 
described later, and a curve has been constructed (Fig. i)t giving llie 
correction to be applied in order to obtain the absorption from a solution of 
end concentration half-normal, when the standard weight of sample and 
volume of half-normal solution have been used. 

It has been found convenient for the purpose of comparing samples of 
ceUulose to divide this corrected figure by the mean absorption characteristic 
of natural cotton cellulose that has been boiled with dilute alkali to remove 
impurities, and the resulting ratio will be called the “soda absorption ratio.” 

EXPERIMENTAL RESULTS 

(1) Effect of Time 

Sixteen grams of the sample were shaken with 240 c.c. of the half-normal 
alkali, and 10 c.c. portions were withdrawn from time to time for analysis. 
The results given in Table I show that absorption is virtually complete after 
two hours. 


Table 1 


Observed Absorption (Milli-equivalents per Mole) from yV/2 solution. 
Temperature 17° to 20° C. 


Time (hours) 

* i 

i 

1 

2 3 6 

24 

48 72 

Scoured Sakel yam 

44*6 

44*9 


45*1 

45*1 ... 

Trade mercerised poplin . . 

, 71*3 

'71*7 

73*0 

‘ 74*5 *75*3 

74*8 

... 

Brysilka bleached rayon .. 

. 147*2 

... 

147*3 

147*3 146*2 

146*4 

... 144*7 

(2) Effect of Temperature 







The standard procedure was followed, but the absorption bottles were 
kept in thermostats during the whole of the determination. It may be 
concluded from the results given in Table II that slight fluctuations of room 
temperature are not likely to affect the absorption seriously, but that a ther- 
mostat should be used to define exact values. 

• Though any definition of preferential absorption is quite arbitrary, the quantity 
calculated as if no solvent were absorbed is the most simple. Fortunately the volume 
of a sodium hydroxide solution is, up to quite high concentrations, nearly the same as 
that of the contained solvent, i.e. the apparent volume of the solute is sensibly zero. 
Per cent. NaOH (g. per 100 g. solution) 0 2 4 10 16 

Wt. of water in 1,000 c.c. of solution 

atl8°C 998*6 1000*9 1001*8 998*8 988*1 

On this account the preferential absorption calculated as above on the basis of 
constant volume of solution is almost identic^ with that obtained on the basis of constant 
mass of solvent in the liquid phase. 

t Fig. 1 may be accurately reconstructed on squared paper from the following data, 
which apply only when the dry weight of the sample is two grams, and the volume of 
solution c.c. 

Observed Absorption at initial con- 
centration N/2 0 44*0 72*5 114*5 138*0 

Correction to end concentration N/2 0 +1*6 -f-3*4 +8*7 -f- 1 1 *3 
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Table 11 


Abeorptioii of NaOH from /V/2 Solution 
Sample MiUi-equivalents per mole at 


Scoured Sakel yam 

Above yam treated loose with 25% 
NaOH, washed, air dried 


0** c. 

5® C. 

20'»C. 

25® C. 

35® C 

• •• 

57-2 

44*9 

42-5 

38-8 


57*2 

44*5 

42-5 

38-6 

1290 

• • • 

106-4 

... 

93-4 

130‘2 

• •• 

106-1 

... 

93-4 



(•0 2 } 
r.ND CONCFNTRATION OF SODIUM HYDROXIDE 
FQUIVALENTS PER IJTRE 

Fig. 2 


(3) Effect of Reagent Concentration — the Onset of Mercerisation 

(a) New Data — ^Two-gram samples were shaken with 30 c.c. of pure sodium 
hydroxide solution of concentrations ranging from iV/4 to siST, and the prefer- 
ential absorption of alkali calculated from the change in titre of 10 cx. of the 
alkali solution. The results are given in Table III and are plotted against the 
end concentration in Fig. 2. The curves are such as would be anticipated 
from the hypothesis put forward in the first paper of this series. Their shape 
up to a certain critical concentration, or for the alkali treated yam over the 
whole range, is typical of a chemical change in a homogeneous S3^tem 
approaching completion as the reactant concentration rises. This i$ probably 
to be interpreted as the reaction of the accessible hydroxyl grou]^ with alkali 
proceeding approximately in accordance with the Law of Mass Action. 
Beyond the critical concentrations the absorption curves of immercerised 
and of technically mercerised cotton rise more steeply, and finally flatten out 
towards an asymptote which is much the same for aU &e samples investigated. 
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This behaviour probably indicates a rapid increase up to the same maximum, 
in the number of accessible hydroxyl groups as the reagent swells the cotton, 
and is better illustrated by the presentation in tig. 3. Here the absorption 
values of the samples are expressed relative to the absorption of the alkali 
treated yam at the same end concentration, since the absorption curve of 
this latter shows no inflexion indicative of the activating effect of swelling. 
The absence of any such inflexion in Fig. 2 makes it probable that this 
activating effect persists more or less undiminished when the swollen material 
is washed and dried at a low temperature. 

Fig. 3 shows that the amounts of alkali preferentially absorbed by the 
cotton samples maintain the same ratios to each other in sodium hydroxide 
solutions up to twice normal. This indicates that the absorption of alkali is 
giving a measure of the relative amounts of acidity which the samples possess, 
and that the acidity varies from sample to sample in capacity but not in 
intensity. 



Fig 3 


The scoured yarn shows a rapid rise in absorbing power between 2 and 
the poplin cloths both mercerised and immercerised between 3 and 4Ar, so 
that all four samples exhibit much the same absorption from the 5N alkali. 
It appears that this activation is largely conditioned by mechanical factors 
that may restrain the dimensional swelling of the cotton cellulose, for the rise 
in absorption occurs at an appreciably higher alkali concentration for the 
cloths than for the yams. The work of Calvert* has shown that the shrinkage 
of single cotton hairs in sodium hydroxide solutions is sensitive to very small 
applied loads, and that under load the maximum shrinkage occurs at a higher 
concentration of alkali. There is, of course, a close correlation between the 
contraction in the length of the hairs, and their inciease in volume in caustic 
soda solutions,® and it is now suggested that the extent of this swelling largely 
determines the reactivity towards alkali of the washed and dried product. 

Fig. 3 shows that for the purpose of discriminating between samples of 
cotton cellulose, the choice of reagent strength may lie anywhere below twice 
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normal; the standard half-normal reagent is therefore unobjectionable from 
the point of view of any possible swelling action on natural celluloses. 

(ft) Results of other Workers — ^The amount of alkali preferentially absorbed 
by cotton cellulose from sodium hydroxide solutions of different concentra- 
tions has been determined by several workers in the past, and a critical 
summary of their results is given by Clibbens.® These earlier workers have 
been concerned with proving or disproving the existence of a constant 
absorption from solutions of between i6% and 24% sodium hydroxide, and 
their results have little pretension to accuracy in the region of more ^ute 



fig. 4 
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solutions with which the present paper is chiefly concerned. Quite recently, 
however, a paper has been published by Rumbold,^® describing measurements 
of the preferential absorption of sodium hydroxide by cotton over the con- 
centration range o to lo per cent. His results are entirely at variance with 
those now put forward, for he finds for both native cotton (of uncertain treat- 
ment) and for the same pre-treated with 20% caustic soda solution, amounts 
of absorption that remain constant from solutions containing between 4 and 
8 g. of sodium hydroxide per 100 g. of solution. If his data are converted 
into the units used in the present paper it is found that when the end con- 
centration is approximately normal there is fair agreement with the values 
now given in Table III (Fig. 2), but that serious discrepancies exist at higher 
and at lower concentrations. Fig. 4 gives the two sets of results on the same 
basis. No useful discussion of this discrepancy is possible, but attention may 
be drawn to the following points — 

(i) Rumbold*s ratio of 0*4 g. of cotton to 50 or 60 c.c. of solution is 
one-tenth of that employed in the present work, so that his value for the 
absorption from 2% solution would be subject to a 50% error if there wore an 
error of half a milligram in each of the two weights of a sodium chloride 
residue on which the measurement depends. 


Table 111 

Effect of Reagent Concentration on the Preferential Absorption of Sodium 
Hydroxide by Various Celluloses 

(The duplicate experimental figures arc given for the scoured and the alkali treated 
yarn, on account of the discrepancy between these results and those of Rumbold.^® 
The remaining values are the means of duplicates usually agreeing within 1 or 2 per cent.) 

Sakel Yarn i>coufed with 1 % CausHc Soda at 20 lb. excess pressure jor 6 hours. 
(Temperature of experiment between 17*" and 20° C.) 

Initial concentration, equivalents 

per litre 0-2475 0-5007 0-981* 1 516 2-002 2-54 

End concentration, equivalents per 

litre 0-234 0-479 0-948 1-468 1-95 2-46 

Absoqition, milli-equivalents per \ 26-7 45-0 78-1 98-9 117-0 182-3 

mole / 27-4 45-0 76-5 99-9 119-0 183-5 

Initial ^concentration, equivalents 

per litre 2-992 3-35 4-00 5-17 (to nearest 3 

End concentration, equivalents per figures) 

litre 2-86 3-20 3-81 4-97 

Absorption, milli-equivalents per \ 313- 357- 444- 486- 

mole / 316- 362- 447- 493- 

Poplin Cloth 143/78, 50/50 Egyptian, scoured as above. 

Initial concentration, equivalents per litre 0-496 2-002 2-557 2-992 4-00 

End concentration, equivalents per litre ... 0-478 1-95 2-49 2-91 3*85 

Absorption, milli-equivalents per mole ... 45-4 108- 164* 200- 385- 


Poplin Cloth technically bleached and mercerised. 


Initial concentration, equivalents per litre 

0-2475 

0-5007 

0-981 

2-002 

End concentration, equivalents per litre ... 

0-230 

0-465 

0-934 

1-92 

Absorption, milli-equivalents per mole 

... 40-6 

71-5 

109-8 

191- 

Initial concentration, ecjuivalents per litre 

2-992 

3-35 

4-00 

5-17 

End concentration, equivalents per litre ... 

2-88 

3-21 

3-83 

4-97 

Absorption, milli-equivalents per mole 

... 253* 

33(i- 

394- 

484* 

Sakel Yam scoured as above, treated with 25% 

Caustic Soda solution for 30 mins, at 25° C., 


washed, soured, washed, and dried in air at 18° C. 


Initial concentration, equivalents per litre 
End concentration, equivalents per litre ... 

Absorption, milli-equivalents per mole 

Initial concentration, equivalents per litre 
End concentration, equivalents per litre ... 

Absorption, milli-equivalents per mole 


0-2475 
. 0-221 
61*8 
63-1 
2-992 
2*84 
374- 

QAO* 

uOtf* 


0-5007 

0-462 

113- 2 

114- 5 
3-35 
3-18 

396- 

401- 


0-981 1-516 

0-905 1-410 

178-5 235-5 


2-002 

1-88 

304- 

292- 
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Table III — continued 

150 Denter bleached filament cuprammontum rayon. 

Initial concentration, equivalents per litre ... 0*2475 0*5007 0*981 

End concentration, equivalents per litre 0*212 0*440 0*888 

Absorption, milli-equivalents per mole ... 82*8 137* 207* 

(2) The present paper is almost wholly based on the absorption from half- 
normal or 2% solution; a routine test of mercerised cottons based on this 
measurement has been in use for some time, and the standard value for 
scoured natural cotton, which is roughly double that obtained by Rumbold, 
is repeated within 2% by different workers using different solutions and 
apparatus. 

(3) Experiments in which 2 g. of cotton were used with only 10 c.c. of 
solution, whereby the concentration fell by about 11% of its own value, 
instead of by less than 1% as in Rumbold's experiment, gave results falling 
on the smooth curve (see Fig. 4) obtained with the standard ratio of cotton 
to solution. With the abnormally high ratio of cotton to solution, equilibrium 
was reached only after standing for at least 24 hours. 

(4) The Soda Absorption Characteristic of Cottons of Different Growths 

A number of yams were spun to 2/50's from different varieties of cotton, 
scoured together in 1% caustic soda for six hours at 20 lb. excess pressure, 
soured and washed in the usual manner until perfectly neutral. The samples 
were then air dried and were found to absorb the following amounts of 
caustic soda, corrected to end concentration Ar/2 (Table IV). 

Table IV 

(Temperature 18^ to 20** C.) 

Soda Absorption 

Hair Weight 

per cm Milli-equivalents 
mgms X 10* per mole Ratio 

107 47*4 102 

149 44*0 0*95 

164 45*4 0*97 

196 44*0 0 95 

202 50*0 1*08 

212 46*5 1*01 

Mean absorption 46*2 

The various samples of scoured and bleached sliver, yams, and fabrics 
that have been encountered have all given values of the soda absorption lying 
between 45 and 48 miUiequivalents per 162 g. of dry cotton. A sample of 
scoured ramie fibre gave an absorption of 46*8. 

This approximate constancy in the soda absorption characteristic of 
purified natural cellulose is the basis of the procedure adopted in Table IV and 
followed in the sequel, whereby the absorption characteristics of a sample 
under the standard conditions and corrected to N/2 end concentration is 
divided by the mean absorption of Table IV to obtain the ‘*soda absorption 
ratio." 

If the absorption proceeds in a thermostat at 25® C., the divisor used in 
obtaining the riitio is 42-5 (see Table II). The ratio itself is practically inde- 
pendent of temperature. * 

The determination of soda absorption is valueless with raw cotton, since 
constituents other than cellulose interfere, giving an abnormally high absorp- 
tion and a bad end point in the titration. On the other hand, the severity of 
the scouring treatment has no appreciable effect on the soda absorption ratio 


Vanety ot C'otton 

Arizona (immature) ... 
Egyptian Sakellaridis 
Brazilian 
Egyptian Uppers 
Peruvian Mitaiifi 
Tanguis 
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of the product, which for a variety of trade samples of bleached yam and 
cloth, for a sliver scoured with 2% caustic soda at 40 lb. excess pressure 
for ten hours, and for a yam after open boiling or high pressure boiling with 
caustic soda, has always fallen within the limits 0*95 to 1-02. 

(5 ) Effect of Previous Chemical Modification of the Cellulose by Acid Hydrolysis 
or by Oxidation 

It is to be anticipated that the reactivity of cellulose towards alkali will 
be affected by chemical modification, particularly that of the tyjje occurring 
in alkaline oxidising solutions, and leading to a high absorption of the basic 
dyestuff methylene blue. On the other hand, if more than quite a small 
stoichiometric fraction of cellulose is chemically attacked, the libi ous stmeture 
is lost, so that interest is restricted to samples in which the proportion of 
hydroxyl groups is overwhelmingly great. By avoiding the use of very dilute 
alkali, which would enhance the relative effect of groups more acid than the 
very weakly acid hydroxyl, it therefore seemed possible that an absorption 
sensibly independent of previous acid or oxidising attack might be obtained. 
This conjecture is borne out by the data presented in Table V. 


Table V 



Soda 



Approx, loss of 

Treatment of Sample 

absorption 

Copper 

Absorption of 

Hair Strength 

HCl 200 g. per litre at 
o(\o r J ^ hours 
\24 hours 

ratio 

Number 

Methylene Blue 

% 

0*97 

0'85 


42 

0-97 

2*44 


70 

Alkaline hyiiobromite ^ 

0- 99 

1- 06 


1 *27 from water 
8-1 at pul 

almost complete 


(6) Effect of Treating^ a Sample of Cotton with Acid or Alkali immediately 
before Washing 

It is known tliat cotton cellulose may retain traces of acid or alkali, which 
are resistant to washing with water, but the data of Table VI show that the 
soda absorption of a sample has the same value whether it has been treated 
with dilute caustic soda or with dilute hydrochloric acid before the final 
washing process. 

Table VI 

Sample Soda Absorption Ratio 


Scoured Sakel yarn treated loose with 20% Caustic Soda solution — 

Washed with water till neutral, air dried ... 2-54 

Soured with JV/5 HCl, washed, air dried ... 2*53 

Three technically mercerised cloths - ABC 

Treated N/2 NaOH, washed, and air dried 1*74 1*61 1'71 

Treated JV/5 HCl, washed, and air dried 1*70 1*60 , 1*70 


(7) Tbe Absorptive Capacity of Cotton that bas been Swolien in Caustic Soda 
Solutions of Different Concentrations 

Hanks of scoured twofold 40's Sakel yam were immersed in a loose con- 
dition in caustic soda solutions maintained at 25° C., washed, soured for half 
an hour in iV/5 hydrochloric acid, washed for several days till the of the 
wash water was constant, and dried on sticks at the laboratory temperature. 
Three series of samples were prepared, differing in time of treatment and in 
method of washing off the caustic soda, as followsr— 

(i) To obtain the effect corresponding to the equilibrium swelling in each 
solution the yam was immersed for 24 hours, air being excluded by evacuating 
the vessel and filling with nitrogen, and to avoid any effect due to transient 
swelling the samples were in the first instance washed in saturated brine. 
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(2) To determine the effect due to such transient swelling samples were 
immersed as above for 24 hours, and washed in the first instance by plunging 
into a large excess of cold water. 

(3) To obtain samples comparable in properties with those prepared by 
Urquhart and Williams, for the estimation of moisture absorption, hanks 
were immersed for three minutes and washed with cold water. 



CRAMS PCR 100 CRAMS OF SOLUTION 
Fig. 5 

The washed air-dried samples were used for the determination of soda 
absorption ratio in the standard manner and the results are given in Table VII 
(Fig. 5). Three conclusions are at once apparent. The effect of the treat- 
ment with sodium hydroxide solution increases very rapidly as the concentra- 
tion is increased from 10 to 14% — this is also true of the moisture 
absorptions**^* and reactivity towards alkaline h5qx)bromiteS of alkali-treated 
cotton. At the highest concentration of alkali three minutes’ immersion is 
not adequate to produce the maximum effect — it has already been pointed 
out* that sodium hydroxide solutions approaching saturation sweU cellulose 
relatively slowly. At all concentrations above 20% a slightly more reactive 
product is obtained by wadiing with water than by washing with brine. 
This effect is attributed to enhanced but transient swelling of the cellulose 
induced on account of the momentary disturbance of osmotic equilibrium 
between the external solution and the cellulose gel.* 



Relations with Aqueous Solutions » Part III — NecUe T333 

It is of interest to compare the absorptive capacity of the product with 
the extent to which the cotton cellulose was swollen in the pretreating solu- 
tions. The amount of swelling is known for regenerated sheet cellulose and 
sodium hydroxide solutions at 25® C.,® and a fair estimate' of the amount of 
swelling of the Sakel cotton in yarn form is afforded by the ultimate shrinkage 
in the alkali solutions of lengths of this yam, under tautening load of 0*3 g. 
In Fig. 6 both these quantities are compared with the soda absorption ratio 
of yam that has been treated for 24 hours with alkali solution of the indicated 
concentration, and washed in the first place with brine It will be seen that 
that whilst the soda absorption of the product reflects the rapid increase 
in swelling power that occurs between 10 and 14% sodimn hydroxide, it is 
substantially unaffected by the fall in swelling that follows as Ihe concen- 
tration approaches 30 per cent. 



Fig 6 


-IS 

-16 

-M 



t; 


The inference that the soda absorption ratio does not reflect all magnitudes 
of the previous swelling of the cellulose is supported 1 v an observation made 
on scoured yam treated with ii% (z-iN) caustic soda solution at — lo® C. 
In spite of the obviously much greater swelling that occurs at this tempera- 
ture^ the soda absorption ratio of the product was only 2-67 — no higher than 
that attainable by treatment at 25° C. 
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Curve A of Fig. 7 represents the soda absorption ratios from the standan 
half-normal reagent (relative to scoured cotton as unity) of cotton yan 
pretreated with sodium hydroxide solutions of the concentrations shown 01 
the scale of abscissae. The curve runs horizontally at i-o for some time, anc 
then rises fairly steeply between 10 and 14% sodium hydroxide up to ar 


2-0 


i-o’ 


0 ABSORPTION RATIO OF 
SCOURED COrrON RELATIVE 
TO PRE^TREAFEO YARN 
ABSORPTION RAHO (kW) 
DETERMINED IN SOLUTIONS 
OF CONCENTRATION SHOWN 
ON ABSCISSAE 


0 - 



O ABSORPTION RATIO OF YARN 
PRE TREATED WITH bODILM HYDROXIDE 
OF CONCENTRATION SHOWN AS ABSCISSA 
RELATIVE TO SCOURED COITON 
ABSORPTION RATIO DETERMINED IN JV/2 SOLUTION 


0 10 20 
" GRAMS OF SODIUM HYDROXIDE PER 100 GRAMS OF SOLUTION 

Fig 7 


Table VII 

Soda Absorption Ratios of Scoured 2/40*8 Sakel Yam which has been Treated 
Loose with Sodium Hydroxide Solution at 25'' G., Washed, Soured, Washed 
and Air- dried 


Soda Absorption Ratios (duplicate measurements) 


Concentration of I 
Caustic Soda for | 
pretroatment, . 
g per 100 g solution 


In Alkab Solution 24 hours, first 
washed with — 


Saturated bnnc 


Cold water 


In Alkali 3 mins., 
water washed 


10 

1*28 

1-27 






12 

1*55 

1*57 

1 ^ 





18*4 

2*28 

2*26 


... 





15 

2*38 

2*39 , 

, 2*38 

2*38 

2*45 

, 2*45 

2*45 

17*5 

2*33 

2*36 

... 

• • • 




20 

2*40 

2*40 

2*44 

2*47 

2*42 

2*41 


25 

2*44 

2*46 

2*66 

2*62 

2*60 

2*61 


32*4 

2*49 

2*49 

2*68 

2*72 

2*73 

2*71 

... 

46*2 

1 2*61 

1 

2*62 

2*72 

2*72 

2*19 

2*19 

... 
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absorption ratio of 2*4. The other curve (B in Fig. 7) has been constructed 
from the data of Fig. 2. It represents the results of absorption measurements 
actually made in solutions of the concentration shown, expressed as the 
absorption characteristic of scoured cotton relative to that characteristic of 
the alkali-treated yam of Fig. 2. To facilitate comparison the absorption 
of the latter sample is regarded as 2*4 units from any solution. Thus in 
Fig. 7 are shown two curves on a similar basis, one (B) representing the in- 
crease of reactivity that cotton yam displays when immersed in sodium 
hydroxide solutions of various concentrations, the other (A) showing the 
amount of such activation that persists after the sample has been removed 
from the alkali, washed, and air dried. From the fact that the curves coincide 
at the starting point and abovt* 15% sodium hydroxide, it may f»e concluded 
that the increase of activity caused by solutions of concentration greater than 
15% is not in any way diminished by washing the alkali off and drying the 
sample at a low temperature. On the other hand, the divergence of the 
curves between 10 and 14% sodium hydroxide indicates that the activation 
that occurs in these solutions is not wholly permanent. 

(8) Effect of Restrained Shrinkage and of Temperature of Drying on the 
Absorptive Capacity of Grey and Scoured Yams Treated with 25% Sodium 
Hydroxide Solution 

Hanks of twofold 5o\s Sakel yam, both natural grey and scoured with 1% 
caustic soda at 20 lb. excess pressure for six hours, were reeled to 54 inches girth, 
and the grey hanks thoroughly wetted by boiling for a few minutes with a 1% 
solution of Turkey Red oil. The samples were treated for five minutes with 
25% sodium hydroxide solution at the ordinary temperature on a hank 
mercerising machine, washed with hot water, soured in fifth-normal hydro- 
chloric acid for half an hour, washed till neutral, and dried either in an oven 
at 110° C for six hours or in the laboratory air. The soda absorption ratios 
of the dried samples were d(‘termincd in the standard manner and are given 
in Table VIII along with baryta absorption ratios determined as described 
in the following paper. 


Table VIII 

Alkali Absorption Ratios of Yam Mercerised with 25')o Caustic Soda 


Dried at Dried at 
room llO*^ C for 

temperature 6 hours 




Na 

Ba 

Na 

Ba 



ratio 1 

ratio 

ratio 

ratio 

1 

fLoose (about 15% shrinkage) 

2-55 

2-70 

2-27 

2*52 

Scoured and then I 

1 Loose and restretched 

2-07 

2-10 

1-93 

1*98 

mercerised 1 

1 No shrinkage allowed 

1-96 

205 

1*89 

1-99 

1 

[^Cloth mercensed loose 

213 

... 

... 

... 

Mercerised in the grey J 
state and then scoured j 

r Loose (about 15% shrinkage) 
Loose and restretched 
[ No shrinkage allowed 

2-09 

!*76 

1-68 

2*20 

1-79 

1*73 

1-84 
1-76 
' 1-69 

1*97 

1*83 

1*75 


(The samples mercerised loose were washed with cold water initially, the rest with hot 

water) 
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“Loose and restretched*' signifies that the yam was allowed to shrink 
freely during the first four minutes and was extended to its original length 
during the last minute before washing, whilst the sample treated “loose" was 
at no time under any external restraint. The samples mercerised grey were 
scoured before the determination of soda absorption. 

The most remarkable feature of these results is the great decrease in 
activity caused by mechanical restraint or even restretching during the 
treatment with alkali. This seems to indicate that the dimensional swelling 
of the cellulose rather than the chemical reaction with sodium hydroxide 
determines the alkali absorbing power of the product. 

There is a noteworthy difference between the yams mercerised in the grey 
and in the scoured states. It is also evident from Table VIII that drying at 
110° C. decreases the reactivity of the most absorptive samples, but has no 
effect on the less reactive samples mercerised in the grey state with restrained 
shrinkage. 

(9) The Mercerisation of Cottons of Different Origins 

The yams whose absorption ratios in the scoured state were given in 
Table IV were treated together in the grey state with 24% caustic soda solu- 
tion, 4% contraction in length being aUowed, restretched to grey length, 
washed, scoured, washed, and air dried. The soda absorption ratios of the 
products and of the scoured unmercerised yams are given below — 

Eg)rptian 

Sakel Uppers Brazilian Tanguis Arizona Peruvian 

Scoured only ... 0-95 0-95 0-97 101 1*02 P08 

Mercerised ... P57 1-57 P62 1*63 1-63 1-68 

There is a general tendency for high absorption after mercerisation to correlate 
with high absorption in the unmercerised state, but the differences between 
the various cottons are relatively small and the increase due to mercerisation 
is approximately constant. 

(10) Extremely Slow Removal of Alkali 

Cotton cellulose swollen in alkali of mercerising strength is in a highly 
distended state which may be regarded as bordering upon one of complete 
dissolution. When the alkali is washed out by means of an excess of water 
the cellulose gel shrinks and presumably the mutual attractions of the polar 
hydroxyl groups become operative again. When the process was regarded 
from this point of view it seemed possible that the activation of cellulose that 
results from "mercerisation" might be due to a rapid coagulation of cellulose 
from a state of semi-solution, leading to a more imperfect crystalline arrange- 
ment, in which the mutual af&nities of the hydroxyl groups were less con- 
densed. On this hypothesis it might be expected that extremely slow removal 
of the alkali might give time for a reversion to the original condensed, more 
perfectly crystalline state. To test this possibility scoured Sakel yam was 
immers^ in 21% caustic soda solution both loose and on a frame permitting 
no shrinkage, and the solution was diluted by running in water at a very slow 
but steadily increasing rate. After two weeks* steady dilution the solution 
still contained 10% of caustic soda. The products were finally washed freely, 
soured and washed in the usual way, and air dried. Their soda absorption 
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ratios, along with those corresi>onding to a normal rapid wash after jf) 
minutes' immersion in the alkali are given in Table IX. 


Table IX 


Soda Absorption Ratios of Scoured Sakel Yam Treated with 21% NaOH, 

Washed, and Dried 


Air-dried Dried 48 hours at 1 10° C. 


Kxtremely slow wash 
Normal wash ... 


Loose 

2*52 

217 

No shrinkage allowed 

2*12 

1*88 

Loose 

2*.52 

2*13 

No shrinkage allowed 

1*95 

1*66 


The results do not confirm the supposition, nor does any latent difference 
between the slowly and rapidly washed products develop on drying at a high 
temperature. The prolonged treatment, however, seems to have led to a 
gradual decrease of stress in the sample treated on the frame with consequent 
greater swelling and greater reactivity of the product. 


(11) The Effect of Pretreating Cotton with Swelling Agents other than Alkalis 

The increase in rapacity for absorbing sodium hydroxide is brought about 
not only by pretrealmenl with alkalis in concentrated solution, but also by 
the action in .suitable concentration of reagents such as sulphuric acid, zinc 
chloride, and cuprammonium hydi oxide, which appear to have little in 
common except the power of .swelling cellulose. The fragmentary data given 
in Table X serve to show the existence of this effect. The baryta absorption 
ratios included in the table will be discussed in the following pai)cr. 


Table X 


TVolioatinp; solution 


Sulphuric and, for f l.oosc . . 

3(1 secs at 20 i ... \ No blnink<ig(‘ 

Zinc chloride, 73-3%, /Loose 

for 24 hours at 25 (' \ No shrinkage 

Cuprammonium hydroxide — 

Cu 5*5 g per litre. N H, 88 g. per litre 
1 hour at 20 (' Loose 

('uprammonium hydroxide- 

('u 5-0 g pel htie, NIIt 80 g per litre Gieater 

1 hour at 20" C Loose .. than in 

25% \ci()H 

Caustic soda, 25%, at 

2.5’ C Loose .. I 

i 

The untreated 2/40's scoured Sakel yam . . 


I'stimated 
extent of 
swelling 


Very great, 
loose \tLrn 
► approaching 
comph'te 
dissolution 


Soda 

Absorption 

KrlllO 

Baryta 

Absorjition 

Ratio 

3-20 

3-20 

2.55 

2*52 

3* 13 

3-33 

2*48 

2-36 

1-45 

1 36 

1 *03 1 

1 1 -02 

2-55 

2*60 

1*01 

1*01 


As far as may be judged from visual observation, great swelling in the 
reagent seems to bring about high activity of the product, but cuprammonium 
hydroxide is an exception, for very great swelling ir this reagent yields a 
product of comparatively low activity. 

The experimental work was done by Messrs. T. Brownsett, L. Hanna, and 
R. Waite. 
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21— A CONTRIBUTION TO THE THEORY OF MILLING 

PART I— A METHOD FOR MEASURING THE SCALINESS OF 

WOOL FIBRES 

By J. B. Spkakman, M.Sc., and Emma Sroxx, B.Sc. 

(Dt’partimnit of Textile Indubtncs. Leeds Lnuversitv ) 

SUMMARY 

The present paper records the first of a scries of iiuestigations uiuiertakeii 
to give quantitative (‘xpression to the shrinkage of wool fabrics in a niilling 
machine. The frictional resistance to motion f>t tl»e wool fibre is smaller in the 
direction of the root-end than in the diri'ction of th(» tip, and the dill**rence 
between these two values of friction is taken as a measure of scaliness and of the 
('fleet ive ness of the scales in causing shrinkage in milling. Jn the case of the 
dry fibre moving against a card win*, Barker and Marsh^ have found the friction 
in the antiscalar dirc('tion to be 20% higher than in the direction of the scales. 
Measurement of the .scaliness of dillereiit wools has not hitlierto been attempted, 
nor has any mc'thod for p('rforming such experiments been described. For any 
inl(»rpretation of the milling process, it is tlui friction of wool against wool which 
must be measured, and the present paper describes a nu^thod for making such 
observations, together wdth typical nica.surementK (^f scaliness for a wid(' range 
of wools. Apart from its interest in relation to milling, it is believed that the 
method maybe of service' in biological studies of the inheritance of scale characters. 

INTRODUCTION 

Milling lias bern llu' siibjc'ct of many investigation.s and altliuugli a ntmibcr 
()1 (liffen'iit tlu'orics hav(' bet*n advanced to explain the shrinkage wliicli 
wool fainnes undergo in tlie i)ro('e.ss, none of ilu'se has met with widespn'ad 
aee(‘i)taiuv. The only fibres to wbi(‘h the process can be successfully afiplitxl 
are those possessing a surface scale structure, and the conclusion s(Tnis 
inevitable that the scales are in some w^av clireetly ri*sponsible for the felting 
and shrinking of wool fabrics in a milling machine. It was at first thought 
that under the influenee of pre.ssuic*, moisture, and lit'at, tlu* iibres arc forcc'd 
into intimate contact and retained in this fonnation by the intcxlocking of tlu' 
scales of contiguous fibre's. This view has now been abancUmc'd, mainly 
on the grounds that inierosc'opic examination of a milled fabric fails to 
reveal fibres showing such intimate scale contact. The generally acct'})l('d 
view of llie manner in which scales promote milling shrinkage is based on 
the observations of Ditzel,*** which have recently been eonfinned and ex- 
tended l)y Arnold.'* 'riie.se autlujrs were able* to show from exjM'rimc'iits 
carric'd out with locks of wool, that when the filnes are subjected to longitud- 
inal rubbing action, they tend to travel in the direction in which the scales 
do not oppose motion, i.e. in the direction of the root-end. When two 
locks were jilacod end to end, with their root-ends in contact, the action 
of the felting marliinc caused rapid inh'i penetration of the fibres from each 
lock, whereas when the tips were in contact, no interpenetration could 
be observed. It seems clear from these expc'rinicnts that the fibres com- 
posing a wool fabric will similarly tend to travel in the direction of their 
root-ends under the action of the milling machine. It remained for Shorter^ 
to show that such unidirectional freedom of motion could cause the shrinkage 
of fabrics. His explanation is, briefly, that fibres travelling in the direction 
of the root-end through a loose mass of fibres can carry along with them 
those fibres with which they are mechanically entangled. Under the action 
of the milling machine, there will therefore be a continuous tightening-up 
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of tlic structure with decrease in its surface area and increase of thickness 
as a result. 

On the basis of the preceding view of the cause of milling, it is to be 
expected that the rate of shrinkage of a fabric in a milling machine will be 
dt‘tcrmincd by the magnitude of the difference between the frictional resist- 
ance to motion of a fibre in the direction of the root-end, and that in the 
direction of the tip. the friction being greater in the latter instance. In 
the absence of complicating factors, this difference in friction and the rate 
of shrinkage should be directly related. Such a view receives support 
from a comparison of the scale structure of, say, merino wool and mohair. 
As seen imdcr a microscope, the former has well-defined scales projecting 
to a marked extent from the body of the fibre, whereas the scales of mohair 
are indistinct and adhere closely to the fibre throughout their length; as 
would be expected, therefore, merino wool felts far more rapidly than mohair 
under identical conditions of exj)eriment. Although discrimination between 
the scaliness of different fibres is thus possible in the case of extreme types 
by purely microscopic observation, the method is of little use for comparing 
different wools. It is clearly necessary to have some measure of scaliness 
not only with a view to the ultimate quantitative expression of milling 
shrinkage, but also in connection with sheep breeding exi)eriments having 
as their purpose the production of wools eminently suited to the process. 
The object of the present paper is to give a method for measuring the scalincss 
of wool fibres, but before proceeding to its description it is necessary to 
discuss other factors which affect the rate of shrinkage of wool fabrics in 
the milling machine. 


As has already been indicated, similar fabrics made from different wools 
will shrink at very different rales on account of the diffcri'iit degrees of 
scaliness of the constituent fibres, but it is by no means certain that this 
is the sole reason for their different behaviour, as will be indicated later. 
In the case of any one wool, the rate of shrinkage of a fabric can be modified 
to a remarkable degree by changes in the conditions of milling. For example, 
the rate of shrinkage is least in water at the isoelectric point and increases 
with increase in the acidity or alkalinity of the milling agent. Data for 
acid solutions are given in illustration of this fact in Table I. Samples 
of fabric having an initial area of about 2,000 sq. in. were immersed in 4 
litres of acid solution for 24 hours, and then milled in the fulling stocks 
for 2 \ hours, using the acid solution with which the wool had come to equili- 
brium as the milling agent. The table shows the percentage reduction 
in area of the fabric produced in this time together with the of the milling 
agent used, the latter being determined potentiometrically by means of 
the hydrogen electrode. 


Milling Agent 
Hydrochloric Acid 


Sulphuric Acid ... 


Table I 

Percentage Reduction 


pn 

in Area 

0*33 

53*7 

0-95 

51*6 

1*75 

54*1 

2-37 

51*5 

364 

40*9 

5*00 

37*4 

0*33 

50*5 

0*86 

48*7 

2*77 

40*3 

5*70 

36*3 


Water 
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The increasing rate of shrinkage with increasing acidity or alkalinity of 
the milling agent suggests, by analogy with the properties of other proteins, 
that fibre swehing is a factor which affects the rate of shrinkage. It is 
by no means certain that different wools possess identical swelling proper- 
ties, and their different behaviour in milling may in part be due to variations 
in the swelling factor. Discussion ul the precise manner in which fibre- 
swelling is able to affect the rate of shrinkage of wool fabrics, and of the 
necessity for carrying out milling in ]>rcsence of an aqueous solution (arid 
or alkaline), will be reserved for a later paper. One striking analogy, to 
which attention has not hithcTto been drawn, appears to deserve comment. 
Although the data have not been published, Harrison^ claims to have found 
that the shrinkage of wool fabrics, milled in presence of eithci su:ip or sul- 
phuric acid, takes j>lace most rapidly betw'cen 46® and 49° C Moie recently. 
Davidson® has determined the apparent specific volume oi cotton in water 
at different temj)eratures, and has found swelling to be a minimum at about 
45^" C The identity ol the critical temperature iii the two instances may 
simply be a coincidence, but in view of the many bioad similarities between 
the properties of the two fibres, wool and cotton, determinations of the 
.swelling of wool in water at diffcTcnt temperatures have been undertaken. 
It is hoped tliat this investigation, together with determinations of the 
rate of shrinkage of wool fabrics at <liffeient temperatures, will serve to 
elucidate the \ery vexed qu<‘stion of the part played by fibre-swelling in 
tlie milling jirocess. 

Apart fiom these two factors, scahness and swelling, the different felting 
propt*rties of vaiious wools may to some extent be determined by their 
different fibre lengths. Some accomit must also be taken of th(‘ recovery’ 
of fibres from a state of strain during milling, (‘.specially those possessing 
well-developed crimpine.ss. Finally, it mast be recognised that whatever 
the nature of the wool, the rate of shrinkagt‘ ol a fabric is largely determined 
by its yam and cloth structure. 

The present paper is concerac‘d simplj with the measurement of scaliness, 
and records the first of a series of investigations miderrakcn to give (quantita- 
tive expression to the various factors involved in milling shrinkage. 

EXPERIMENTAL 

The principle adopted in the measurement of .scaliness was to determine 
th(' frictional resistance to motion of wool fibres in the direction of the 
root -end, and in the direction of th<' tip The difference between thes(‘ 
tw’o values of friction is taken as a measure of scaliness and of tlu* effective- 
ness of the scales in caasing shrinkage in milling. It is, of course, to be 
expected that different fibres, even from the same kind of wool, will shew 
varying degrees of scaliness, and any method intended for the routine 
(examination of a large number of wools ought preferably to aveiage the 
properties of different fibres in the actual process of making a determination. 
With these considerations in mind, the foDowing method of examining 
fibres was ultimately adopted. 

The sample of wool to be used was extracted with alcohol and ether 
in a Soxhlet apparatus, washed with at least four changes of distilled water, 
and then allowed to dry. Fibres chosen at random from the sample weR‘ 
examined imder the microscope and the direction in which the scales were 
pointing was ascertained. Fifty fibres were mounted with shellac on a 
small wooden bridge, similar to that shown in Fig. i, sufficient tension 

Gt 
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being applied to draw them just taut.* All had their scales pointiiig in 
one direction and were arranged as nearly parallel to the sides of the bridge 
and to each other as it was possible to judge by eye. The two smaU pieces 
of wood, ^own at "A" in Fig. i, served to raise the major portion of each 


A A 



Fig 1 


fibre so that the whole structure resembled the bow of a violin. The ‘*bows" 
used in the first set of experiments measured 3 in. k 1 in. and tlie fibres 
were elevated for about i*8 in. of their length. They were well-suited 
to the examination of long-fibred English wools but with shorter, merino, 
wools only the coarser fibres were long enough to be stretc hed over a bridge 
of these dimensions. Such wools necessitated the construction of smaller 
platforms measuring 2*3 in. x i in., the distance between the two strips 
of wood being 1*3 in. The average weight of the larger bows was 5*4 g. 
and of the shorter, owing to their bej^ng made of a heavier type of wood, 
6*0 g. During the mounting, care was taken to avoid handling the fibre's 
unnecessarily and to confine the handling as much as possible to the ends, 
in order to prevent contamination with grease from the fingers. The slide 
and cover-slip used in micro.scopic examination of the fibres wen* also 
kept free from grease by frequent washing in ether or acetone. 

It is necessary at this stage to consider the nature of the surface along 
which the bows .so produced shall be allowed to .slide during friction measure- 
ments. Milling shrinkage takes place by the migration of fibres in contact 
with their own kind, and the ideal surface on which friction measurements 
should be made would be one composed of fibres of the same kind as those 
constituting the bow, the fibrous being arranged parallel to one another 
with the scales all pointing in one direction. Using such a surface, measure- 
ments could be made with the scales of both bow- and surface-fibres opposing 
motion and with the scales in each case favouring motion. The difference' 
between the two determinations of friction would then be the maximum 
possible in the case of any one wool, and would give a |)erfect measure of 
scaliness. Unfortunately, the diameter of wool fibres is so very small 
that the labour involved in constructing the surface is such as altogether 
to prohibit its use. Even if no attempt were made to arrange the fibres 

♦In the <»1 a skilled observer, the sense ot touch is suHioicntly delicate to allow 
fibres to be mounted at a uniform, mimmutn tension, especially wlicii, as in the case 
of w(K>ls .showing well -developed crimpmess, recognition of the condition of tautness is 
facilitated by visual observation More recently, Dr J. I. Hardy, worldng in these 
laboratories, has s^iown that it is immaterial, within fairly wide limits, at what tension 
the fibres are mounted, provided the finished bow i.s expos^ to air saturated with water 
vapour tor J4 hours b<*fore making measurements of scaliness. Under such conditions, 
the tension within the fibres decays rapidly and the process is fairly complete in the 
time siiccifiisi. 



21 — Cimtrib%aion to Theory of Milling, Part I — Speakman and Stott T343 

with their scales all pointing in one direction, the tedium of constructing 
surfaces of this type would still be prohibitive. At the same time, it is 
clearly necessary, if the most useful results are to be obtained, that the 
surface used in friction measurements should be one composed of wool. 
Ultimately, a face cloth having a trail pile finish was chosen as the best 
possible compromise. A strip of the cloth was extracted with ether to 
remove grease, and then gummed to the face of a glass slide with the pile 
lying in the direction of movement of the bow. Two sizes of pads, corres- 
ponding with the small and large bows were used, their dimensions being 
3*2 in. X I in. and 37 in. x 1*3 in. resj^ectively. 

It is important to recognise that the use of one standard surface for 
all measurements of friction will tend to cause different wools to approximate 
to one another in behaviour. For example, mohair fibres will show greater 
friction in contact with wool than in contact with mohair itself; while a 
wool showing more scaliness than that composing the cloth surface will 
reveal less scaliness than it possesses. Such deductions are substantiated 
by Speakman and Homer's’ study of the milling shrinkage of blended 
wools. Two wools of widely different properties were chosen — 8o's merino 
and 56's Southdown- -and blended in the following three proportions by 
weight -3 parts merino, i part Southdown; equal parts merino and South- 
down; I part merino, 3 parts Southdown. Yams of the .same count and 
twist were manufactured from each of the three blends, and also from the 
original mc'rino and Soutlidown wools. The five tyjx's of yam were woven 
as weft on a cotton warp and, following scouring, the initial widths of the 
five pieces of cloth were measured They were then milled for 45 minutes 
in rope form with soap in a milling machine and, after washing and drying, 
the final widths of the several pieces were measured. The percentage reduc- 
tion in width for each type is given in Tabk* II. 

Table II 

l^crcentage Kcductiou 


Blend m Width 

All Menno ... ... ... ... ... ... ... 43*2 

3 jiarts Mermo; 1 pait bouthdown ... ... ... 41*9 

2 „ 2 paits „ 41-3 

1 part 3 „ 35-1 

All Southdown ... ... ... ... ... ... 26*3 


It is a suq>rising discovery that the blending of an equal weight 
of Southdown wool with merino wool should have so little influence on 
its shrinkage properties. To some extent, this is due to the fact that (]\;uin- 
tities of Southdown and merino wools which are equal in weight are by no 
means equal in surface area; but even when due allowance is made for the 
coarseness of the Southdown wool (mean fibre diameter = 32*4 /i) as com- 
pared with merino wool (mean fibre diameter ^ 21-0 /a), it is still evident 
that Southdown wool is not capable of reducing the shrinkage of a blend 
to the extent which might be expected. The Southdown fibres, surrounded 
in large part by merino fibres, are clearly behaving very much as if they 
possessed the properties oi the latter, i.e. the pronounced scaliness of the 
merino fibres improves the efficiency of the scales of the Southdown fibres 
with which they are in contact. Similarly, the 'blending of 25% by weight 
of merino wool with Southdown wool, improves the milling properties to 
a remarkable degn^e, an effect which is due not only to the efficiency of 
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the merino fibres themselves but also to their influence on the Southdown 
fibres with which they are in contact. 

As previously stated, therefore, the use of one standard surface for 
all measurements of friction will tend to cause different wools to approx- 
imate to one another in behaviour. This is not to say that the comparison 
of different wools by means of a standard surface will be invalidated, but 
merely that the range of scaliness recorded will be reduced without affecting 
the relative positions of various wools in the series. 

Apparatus and Procedure 

The apparatus used in making friction mea«iurcments is shown in the 
photograph (Fig. 2). It consists essentially of a platform AB, capable 
of rotation about a horizontal axis at B, After first adjusting the platform 
to be perfectly horizontal with the pointer P reading zero on the graduated 
arc, the pad was placed in position at C with the bow across it in the manner 
shown in tlie photograph. Care was taken always to set the base of the 
bow exactly parallel to the platform in both vertical and horizontal planes. 
The first measurement of friction, taken with the fibres sliding in the direction 
of the root-end, was made by determining the angle at which the bow slipped 
along the pad when the platform AB was inclined by means of the gramo- 
phone motor G. The latter was geared in such a manner that ascent of 
the platform took place extremely slowly, and the handle H afforded a 
ready means of interrupting the ascent at the moment of slip, so that the 
angle recorded by the pointer P could be read with precision. Afterwards, 
the platform was returned rapidly to its original position by means of suit- 
able reversible gearing, operated through the arm A", and the direction 
of the bow was then reversed so that slip would take place with the scales 
opposing motion when the angle of slip was redetermined. In order to 
average possible irregularities in the surface of the pad, pairs ot measure- 
ments were made with the bow at the front, middle, and back sections of 
the pad in turn. A typical set of measurements for an 8o*s quality Cape 
merino wool is given in Table III. 


Table 111 



Load on 

Fibres 

Wt. of l-k)w=4*08 g. 


I^osition of Bow on Pad 


Angle of Slip in Direction ol — 




Root 

Tip 

Middh' 


• • • 

134) 

19-0*’ 

Back ... 



13-3 

20-0‘’ 

Front 



14*3’ 

18-0' 

Middle 



140 

18-8 

Back ... 



13*0^ 

19-5 

Front 



12-3® 

19 5 

Middle 



12-8’’ 

18-5 

Back 



120'^ 

190' 

Front 



140‘ 

19*2'’ 

Middli' 



130’ 

180‘ 


Similar sets of measurements were made with the bow loaded by in- 
crements of about 5. g. up to 40 g., but it was found that the coefficient 
of friction for any one direction of slip decreased with increase of load. 
This is due to changes in the nature of the surface of the pad and, possibly, 
of the fibres with increasing load and leads to difficulty in finding a methocl 
for expressing the results for different wools in comparable terms. The 
various wools differ considerably in fibre diameter, and although the load 
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applied to the sets of 50 fibres during friction measurements may in all 
casc*s be identical, tlie efifoctivc load will vary as some invnrst' function 
of the mean fibre diameter. The exact nature of this function is difficult 
to determine and absolute measurements of friction arc correspondingly 
difficult to interjirct. It was, however, found that the difference between 
the two values for the ccx'fficient of friction, obtained with the scales of 
the bow-fibres opposing and favouring motion, wa^ coniphdely independent 
of load when expressed as a iiercentage of the coeflicient of friction observed 
when the scales were favouring motion. If 0 ^, is the angli* of slip with 
the scales favouring motion, and 0 > the corn^sponding angl(‘ for the same 
position of the bow on the pad but witli the scales opposing motion, the 
percentage difference in friction is given b>' the expression - 

Percentage difference in friction — ^ ‘ 

Values for the percentage differenci* in friction were evaluated for each 
pair of readings and the mean percentage diflercnce calculated from the 
ten values obtained for each load ajiplied to the bow. The independence* 
of tliis mean percentage difference in friction and the load is indicated 
by the data given in the following table. 



Table IV 

Load 

Mcmii I’f-uentagc 

Wool 

(grams) 

Dilleromc in J'nctic 

English I .eict'stcr 

.. 5*23 (wt. oi bow) 

13-7 


12-45 

12-9 


18-73 

12-7 


25-55 

14-8 


34-15 

13-6 


39-75 

14-8 

'lAsnidiiian bui)er-<iu<*-ht> Mcimo . 

.. 5-85 (\\l ol Ih)w) 

52-8 

12-02 

49*2 


15-29 

49-8 


19-12 

52-1 


The percentage difference in frictum can be used to compare the scaliness 
of different wools becaase, although the friction in the direction of the 
root-end may not be invariable, there will be a tendency for the value to 
rise with increasing scaliness. This was immediately evident in the case 
of extreme types like mohair and wool, and the use of "percentage difference 
in friction" to compare different wools will therefore tend to reduce the range 
of scaliiiess recorded, but without modifying tlie relative positions of various 
wools in the series. 

It will be obvious that measurements of scaliness, carried out in the 
manner described above, will be valid only when the fibres constituting 
the bow do not show a pronounced taper in any one direction. Where 
tapering is in evidence, the percentage difference in friction will be higher 
or lower then the true value according to the direction of the taper. In 
the following examination of various wools, the diameter of each fibre 
in the bow was therefore measured at three points along the length — root, 
middle, and tip. Measurements were made by means of a microscope 
provided with a calibrated eyepiece micrometer, sufficient illumination for 
the purpose being obtained by inserting a mirror between the fibres and 
the base of the bow. The mean diameter of the 50 fibres was calculated 
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for each of the three positions, and the average of these* values again taken 
to obtain a measure of the quality of the wool. Typical results are given 
in Tabic V to indicate the order of variation in diameter which was regarded 
as permissible. 


Table V 


Wool 

Average Dianiotcr (/<) at- * 

Root Middle Tip 

Mean 

Diameter (/x) 

Australian 64 's Menno 

.. 230 

23*7 

220 

22-9 

Mohair 

. 31*8 

31-6 

32-3 

31-9 

English Leicester ... 

. 38*5 

37*6 

38-0 

38-0 


Results 

The following measurements of scaliness wore all obtained by the above 
procedure, using bows constructed from 50 fibres selcxted at random. This 
number gives easily reproducible results, especially when selected from 
wool in the form of lop, but t*veii in the case of .scoured wool the degree 
of reproducibility is surprisingly good, as shown by the following data for 
two bows constructed from the same Corrit'dale wool. 


How No 
I 

*} 


rcut'tiUge Dillrtfiu c 
in Frit I Kill 

26-3 

24-0 


A\crage bibrc 
Didinetcr (//) 

24-3 

23*2 


Each measurement of .scaliness given in the following table represents 
the mean value for the percentage difference in friction derived from 40- 
50 pairs of measurements under four different loads. For convenience 
in subsequent discussion, the merino wools are classified in order of in- 
creasing fibre diameter, the remaining wools being arranged in order of 
decreasing scaliness. 


Table VI 


Wool 

1 -Tdsmanidn Super-quality Merino 

2— 90's Australian Merino 

3- 80’s 

4- 80’s Cape Meiiiio 

5- 70's 

6— 70’s „ 

7— 64’s .. 

8 64’s 

9 70 's Australian Mitiiio 
10 - 64’s 

n- 60 's 

12—60’s 

13 Australian Merino 

14 — Southdown 

1 5 — Uomney Marsh 

16 — SB's Southdown 

17 — Corriedalc 

18— Exmoor 

19— Oxford Down 

20 — Wensloydale ! 

21 — Leicester 

22— Mohair 


J ’ei 1 en tage 1 )i ft crcnce 

Average* bibre 

in Fiiction 

Diainctti (/x) 

50-9 

161 

42*9 

17-4 

60-4 

17-7 

52-0 

18-3 

59-4 

19-0 

60-0 

19-4 

52 0 

20-8 

44-3 

21-4 

39*8 

220 

44-0 

23-0 

33-7 

24-8 

35-0 

27-4 

22-6 

33-2 

28-3 

32*8 

27-5 

34-3 

25-7 

31*7 

25-2 

23-8 

23-5 

40-9 

21*3 

41*7 

16-3 

36-8 

13-5 

r 38-0 

50 

31-7 


Although two reasons have been given in the preceding discussion for 
supposing that the range of scaliness recorded by the present method will 
be less than that theoretically possible, it is evident that the method is 
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still extremely sensitive. Assuming that the pi^rccntage difference in 
friction is one of the deteimining factors 111 milling, the values obtained 
for merino wool and mohair are in good agreement with the recognised 
milling properties of the two types. The frictional diftereiices obtained 
in these two cases represent the limiting values tor the senes, other wools 
being intermediate in type. The order in which they occur, however, is 
not strictly that which would be expected from their felting properties 
For example, Speakman and Goodings® found the following values for 
the percentage shrinkage in area of cloths possessing the same structure, 
milled for the same limeninder idimtical conditions, but made from different 
wgjols — 

J \*i cfiitagc Shnnka ge 


Wool in An‘a 

Wensleydalc ... 33-7 

Oxfoid Down . . 28 0 

Southdown 16*3 



15 19 25 27 31 55 

MEAN FIBRE DIAMETER (yU) 

Fig 3 

The wools in question were those used in measurements of scaliness 
and reference to Table VI indicatf's that the order of milling efficiency is 
exactly the inverse of the order of scaliness. Evidently in these cases 
properties other than scaliness determine milling efficiency, whereas with 
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merino wool and mohair, the scales on the one are so pronounced and 
on the other so ill-defined as to make scaliness the dominating factor in 
determining their relative milling properties. Wools intermediate in type 
do not appear to differ sufficiently in scaliness to allow of this being the 
predominating cause of shrinkage differences. 

The results for merino wools were obtained with the shorter type of bow 
already described, and are in this respect distinct from the rest. Experi- 
ments carried out with long and short bows constructed from Wensleydale 
wool served, however, to show that the distinction has no real significance 
the two sets of results being in every way comparable with one another. 
Although the list of merino wools includes several having the same quality 
numbers, it must be emphasised that they were all totally distinct samples. 
There is an evident tendency, illustrated in Fig 3, for scaliness to increase 
as the quality of the wool increases, with the possibility of a decrease beyond 
8o*s quality. This decrease may be due to the fact that the two very fine 
wools used had longer fibres than are usually to be found in such qualities, 
and the result may not be typical of fine wools in general. Up to 8()*s 
quality, however, there is a well-defined rise of scaliness with quality, and 
the result is in keeping with the general trade impression that the milling 
efficiency of merino wools improves with quality. The realisation of this 
connection between milling projx^rtics and scalincss is dependent on the 
fact that the various wools studied are merely different qualities of the 
same type of fibre. In such a case, there is far less likelihood of other 
factors masking any relation between scalincss and milling pro]x*rties than 
there is in a comparison of different types of wool. 

In conclusion, it may be stated that a true forecast of the relative milling 
properties of different wools can not be made unless their scaliness has 
been measured, their swelling properties investigated and the influence 
of fibre-length on milling determined. The present paper represents the 
first of a series of investigations undertaken to give quantitative expre.ssion 
to the various factors involved in milling shrinkage; it describes a method 
for measuring the scaliness of wool fibres. Marked differences in the scaliness 
of various wools have been revealed and their different milling propertie.s 
must, to some extent at least, be referred to this cause. No strict correla- 
tion betwi»en scalincss and milling efficiency ought, however, to be expected 
in the ca.se of radically different types of wool because scalincss is not the 
only factor concerned in the- milling procc.ss. Part II of this paper will 
lie devoted to a discussion of the two remaining factors which may affi‘ct 
the relative milling propt*rties of different kinds of wool— fibre-swelling 
and alterations in scalincss caused thereby, and fibre-length. 

REFERENCES 

'Barker and Marsh. “Wool; A Study of the Fibre,** H.M.S.O., 1929, p. 146. 

Deutsche Wollen Gewebe, 1891, No. i. 

•Arnold. l.*eipziger Monats. fur Texlilmd., I929> 44 , 4()3, 507, 540. 

•Shorter. J. Soc. Dyers and (x>lourists, 1923, 39 , 270. 

•Harrison. Wool Industries Research Asso<iation, I^blication No. 9, p. 15. 
•Davidson. J. Text. Inst., igiy, 18 . T175. 

^Speakman and Homer. Diploma Thesis, Leeds University (A. Homerf. 

•Speakman and Cioodings. J. Text. Inst., 1926, 17 . T607. 



JULY 1931 


T3|<l 


THE JOURNAL OF THE 

TEXTILE INSTITUTE 

TRANSACTIONS 

22 -THE SWELLING OF CELLULOSE AND ITS AFFINITY 
RELATIONS WITH AQUEOUS SOLUTIONS. PART IV THE 
PREFERENTIAL ABSORPTION OF BARIUM HYDROXIDE AS 
A CHARACTERISTIC PROPERTY OF CELLULOSE AND AN 
INDICATION OF PREVIOUS MERCERISATION OR OTHER 
SWELLING TREATMENT 

Sii)\j V Mvukri Ni Ml' M.St . 

1 1 ho loutish ( ottoii Imlustiv HiViUtli As^oLhitioii ) 

INTRODUCTION AND SUMMARY 

It was sliown in a j)icvious jiajH*!’*' that thi' state ol “activation” •'! 
cellulose that lesults from ])i(‘treatm('nt vvitli swelling agc'nts could be 
characterised bv the* eiihaiKi'cl absoi])tioii of sodium hvdtoxiclc* fioin dilute 
solution 'I ]i(‘ object of the ])ic^s(‘nt ('onununicalion is to show that tlie 
absorption of baiiiim h\ dioxide atfoids similai infonnation, but since this 
absoq)ticui is grc*atei in amount it <\m b(‘ estimatt‘(l relativelv more exactly 
The c\periin(‘ntal])ro('edurc* is similar to that aclojited lor the' soda absor2)tion, 
but the standard leagcMit strength one cjuaiter normal and the ab!soq>tions 
are 1 efcMTed to a hxed (*nd c'oncontration ol one tilth uonnai. Jt is conveiiienl 
to cxjiress the lesults as the “baryta absorption ratio,” ic'lativc' to the amount 
of barium h\clro\ide absoibed b\ ])laui scouied cotton Jrom a solution of the* 
same end concentjatioii at the* s.imc* teinpc'Mtuic'. Tliis lalio is, for sainjiles 
of c'otton of wulely diflercmt ])ic tieatmc'iit, almost indistinguishable from 01 
perha])s slightly highc’i than, the soda absoij)tion ratio. 

It is also- like' the soda absoiption ratio itsc'lf substanticdlv indejK'ndcnt 
of the reagent con c'ent ration. Thc'se lacts lend additional signiticancT to the 
alkali absorption ratios as measures of the ic'lativc* amount of ac ec'ssible sab 
forming hvdroxvl which is rc'iidc'rc'd available when ('(‘lliilose is swolk'H, 
washed, and dried. 

hVom tlie tc'c finical point oJ view, as a possible control of the* merc'c'rising 
process, measurement of capacity lor absorbing baiyta is to be ineieired to 
the soda absoqiticm .since the determination is less c'xacting. While thi* 
absoq)tion ratio might perhajis be* used as a check on the regularity of a 
standard mercerisexi product, it cannot lie rclicxl on as a diiect measure of 
any quality of textile value, nor. in the present state of knowledge*, can its 
relation to such qualities be* defined. 

On account of its possible utility a suggested standard loutinc for tlie 
baryta absorption test is giv<*n in the ajjpendix. 

EXPERIMENTAL 

The c'xperimcMital method is exactly similar 10 that de.scrib(*d in the pre - 
vious paper for the determination of soda absorption. A wedght of the sample' 
containing 2 g. of dry cotton is allowed to stand overnight with occasional 
shaking in 30 c.c. of barium hydroxide solution, and 10 c.c. are then withdrawn 
for titration with standard acid. The amount of alkali preferentially absorbed 

* J 'Pext Inst , IQ51. 22 . 1320 1338 
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is calculated from the change in litre, with the appropriate corrections for 
dilution by moisture content and for differences in temperature between alkali 
and acid, just as for the absorption of sodium hydroxide. The standard 
reagent is quarter normal barium hydroxide and the standard temperature 
is 25 ’ C. 

(1) Effect of Temperature 

Measurements made in thermostats at various temperatures, the standard 
quarter normal reagent being usf‘d, led to the results given in Table 1 . 

Table I 

Preferential Absorption, MiUl- equivalents per 162 C^rams of Cellulose 


1 t‘niponitiire ( 


Scouied Sdkel yam 

• • { 

Above yarn treated 

NaOH. r 

washed, air dned 

(M) \ 

Ratio 

. . (M S) 


(} 

15 17 

20 

25 

35 

944 

94-2 

Sl-9 

K2-3 

774 

77-6 

75-6 

754 

70-7 

70-(» 

195 5 
195- 1 

II 

170-0 

169-3 


157- 6 

158- 0 

207 

2*22 

2- 19 


2-24 


rhe amount of barium liydroxide al)sorhed falls as tlie temptTaturc rises, 
but the last row of figures shows that the relative increase in absorbing })ower 
resulting from pretreatment with concentrated caustic soda solution is inde- 
))endent of the temperature of e\j)eriment over the range 15 ' to 35*" C. It 
should be noted that this ratio is not that which will be calJ(‘d the “baryta 
absorption ratio”; the latter refers to measun'ments corrected to a constant 
end concentration in the manner to be indicated in the following section. 

(2) The Effect of Reagent Concentration 

’ I'hc previous paper described how the absorption of sodium hydroxide 
varied with the concentration for a scoured yarn, a technically mercerised 
cloth, a yarn pretreated with concentrated alkali, and a cuprammonium 
rayon. The same four samples of cellulose wen* used to determine the effec t 
of the concentration of barium hydroxide on the amount absorbed. In all 

Table 11 


Sakel yarn scoiue<l with 1% NaOH 
at 20 lb (»xcoss pressure for 6 
liours 


Technically mercerised {>oplin cloth 


{ 

{ 


Above yam iieatetl loose with 23% 
NaOH solution, washed, dried 
at laboratory tonu>erature 


{, 


Cuprammonium rayon 


Initial I'lnal Preferential 

roncentratJuii concentration absoiption 

milh-cqiiivalents 
per 162 g of 

Kqunalcnts ])cr litre | cellulose 


-346 

•307 

92-4 

92-0 

•2499 

•2175 

75-1 

74-9 

•0966 

•0814 

, 36-0 

36-2 

•346 

•284 

145-6 

146-3 

•2500 

•1997 

1184 

118-8 

•0966 

•0728 

55-9 

56- 1 

•346 

•249 

• 228-5 

228-0 

•2465 

•1695 

! 181-0 

182-0 

•0966 1 

•0624 

1 80-5 

81-0 

•346 

•276 

3334 

336-0 

•346 

•225 

288-5 

288-9 

•25(K1 

•1549 

226- 1 

226-3 

•1002 

•0582 

100-1 

99-8 
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cases 2 g. (dry weight) of the sample were immersed in 30 c.c. of baryta solu- 
tion at 25° C-, except that in the most concentrated solution the rayon 
absorption was also measured at the ratio i g. to 30 c.c. The re.sults are 
given in Table II and are plotted in Fig. i. 

(3) The Correction of the Observations to a Fixed End Concentration, and 
their Expression as Baryta Absorption Ratio 

The preferential absorptions of baryta as dotennined are not strictly 
comparable (juantitics, since they evidently refer to ecjuilibiia with solutions 
of varying conf'entralion PYom P'ig. 1 , however, corrections may be deduced 



I'lG I 

applicable to experiments made witli 2 g of cellulose and 30 c.c rd (juarter- 
normal baryta, tlic observed absorption being converted to that to be ex- 
pected if the end concentration were always fifth normal. These corrections 
are given in Table III and a curve drawn through them is shown in P'ig. 2. 
The absoq^tion so corrected to a fixed end concentration is for convenience 
of expression usually divided by the corrected absoq>tion characteristic of 
scoured natural cotton (71*0 milliequivalents at 25" C.) an<l the quotient is 
called the “baryta absorption ratio.*' 
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Table III 

•\bsoiption uf lia(()H)^ 
niilli-eqiii\dU*nts 

pei 162 g liantci 

absoq'ytjon 
raljo 




( onected 



Obserx ed 

to .V/5 


Scout od Sakol jam (not Ihc same as m Table I\) 

75 0 

7 10 

1*00 

Technically mei censed cloth i 

118*6 

119 6 

1*68 

Yam treated loose w ith 25% caustic stnla, an diied ' 

183 

201 

2 82 

( uprammonuim ra^on . . i 

226 

270 

3 80 
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(4) The Baryta Absorptions Characteristic of Cottons of Different Growths, 
before and after Mercerlsinj^ 

A number of yarns were spun to 2/50*8 from different varieties of cotton, 
and a portion of eacJi was mercerised according to technical practice by 
wetting out, immersing in caustic scxla solution on the mercerising 

machine so as to allow contraction in length, restretching, washing, and 
air drying. The samples both grey and mercerised were then scoured together 
for six hours at 20 lb. excess pressure in i^o caustic soda, soured, washed, and 
air dried. The baryta absorj)tion of each .sample was then determined in the 
standard manner, except that the absori)tion took place at an uncontrolled 
laboratory temperature of ib"" to t 8' C. On this account the baryta absorption 
ratios have been cah'ulated relative to an absorj)tion of 70 millicquivalents, 
iJie mean for scouK'd cotton at that temperature. I'he results are given in 
'I'able IV and the .soda absorption ratios are includ(‘d for comparison. 


Table IV 


\ .11 It t\ <»1 ( ottoii 

i Ian 
Weight 

Seoul ed onh 

I »a ! \ t a absoi ption ^ 

1 

Soda 

M( ]t(‘i ised 
and Sc 0111 ( d 

/t m 

Mdli- 

1 

Absor])- 

Rai\ta 

Soila 


X in'’* 

<'(pii\, dents 
com t ltd 
to end 
t om fiilia- 
tion A .S 

Ratio 

tion 

Rat in 

1 

Xbsoii)- 

turn 

Ratio 

Absoi 1 
tion 
Ratio 

ICKvptiiiii S.ikclliUulis 

14n 

74-0 1 

0-94 ' 

0-95 

1-57 

1-57 

I*R\])llcUl Vp])(‘is 

I9« 

75-0 

04).S 

0-95 1 

1-61 

1-57 

Dra/ihdii 

1«4 

77-8 

0-985 , 

0-97 

1 -66 

1-62 

"I cinpiiis 

2 1 2 

78*7 

1 -00 I 

1-01 

1-66 

1-63 

Xiuona (ninnaturi*) . 

107 

80 7 

1-02 

1 -02 , 

1-70 

1-63 

PcniN lan Mitahh 

202 

86 5 

1-09 1 

1-08 

1 -66 

1-68 


It will b(» seen that the absoij)tion does not vary greatly from one variety to 
another, nor is there any evidince that the fineness of the hairs exerts any 
effect. On the other hand, both soda and baiy’ta absoq:>tion, on both mer- 
cerist'd and unmerci‘ris(‘d cotton, place the samples in substantially the same 
ord(T. Table IV i.s, however, mainly of valiu‘ in showing that the effect of 
vaii(*t\ of cotton i.s relatively small. 

(5) The Baryta and Soda Absorption of Sakel Yarn, Mercerised in Grey and 
Scoured States with Caustic Soda Solutions of Different Concentrations, 
with and without Tension 

The scouring treatment applied to the samples described under this 
heading was boiling for six hours at 20 lb. excess pressure with 1% caustic 
soda solution. The mercerisation wtis done on a hank mercerising machine, 
and the temperaturi' of the mercerising alkali was about 25® C. Each hank or 
set of hanks, to be mercerised in the grey state, was thoroughly wetted by 
boiling with a solution ot I'urkey Red oil just before it was placed on the 
machine rollers. The yams were in contact with a large excess of the mercer- 
ising alkali for three minutes in all, but the “loose and re-stretched** samples 
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were allowed to shrink freely during the first two minutes and were restretched 
to grey length during the last minute. After three minutes the alkali was 
washed off with cold water, the yams were scoured for half an hour in Nj^ 
hydrochloric acid, washed for several days in many changes of distilled water, 
and dried in the air at laboratory temperature. Samples were taken for the 
determination of barj^ta and soda absorption in the standard manner at 25® 
C.; the absorption ratios are given in Table V, and are plotted against the 
concentration of the mercerising alkali in Fig. 3. 



Fig. 3 


The fact that the curves for cotton mercerised in the grey and scoured 
states cross at high alkali concentrations is no doubt to be attributed to the 
local dilution of the concentrated alkali by the wetting liquor entrained in 
the grey cotton. 
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Table V 

£0ect of Conditions of Mercerising^ on the Alkali Absorption Ratios of 
Mercerised Yams (Grey Yams Wetted Out before Mercerising, all 3 mins, 
in the Alkali, Washed with Gold Water, Air Dried) 

1 Scoured — then Mercerised Mercerised Grey then Stoured 

C'oncentration Loose and No i Loose and | No 

of mercensing Loose restretched shrinkage Loose rcstreti lied shrinkage 
liquor, g 
NaOH per 100 

g. solution Alkali Absorption Ratios 



Nd 

Ba 

Na 

Ba 


Ua 1 Na 1 

Bd 

Na 


Na 

Ba 

10-0 

1-28 

1-21 

_ 



... 1 ... 

" , ~l 





Jl-6 

1-58 

1-67 



... 

... i 1*51 

1*57 





12-5 



1-92 

2*0*7 

1*60 

1*65' . 

... 

l’*61 

1*63 

1-4 1 

1*43 

13-4 

2*28 

2*26 




... 1 

. 



. • • 


15*0 


2-46 




!!. 1 1*86 

2*04 





16-() 



2‘*3() 

2*4() 1 

2*07 

2*16 1 ... 


1*95 

1*95 

r*73 

1*85 

20-S 

239 

2*62 




... 2*02 1 

2'*’l’9 ! 



1 


21-0 



2*30 

i 2*41 1 

218 

2*28 . . 



1*94 

r*68 1 

1*75 

25-0 



I 2*34 ' 

2*40 

2*23 

2*34 2*09 1 

2*20 ' 

1*85 

1*88 

1 75 1 

1*79 

25-5 

2 47 

2-61 

1 

1 ... 



.. 2*13, 

2*22 I 





32*0 



, 2-28 

2*4() 

2**2*4 

2 33| ... 


1*8*6 

1*89 

1*85 ' 

1*82 

32-4 

2-58 1 2-8(> 

1 



1 2*29 

2*39 



! ... ' 


450 


... 


2*i)6 

1*84 

2*0*1 1 , 


1*85 

1*84 

1 ^ 1 

1*78 

43-0 

... 

2’-48 

1 1*90 



. . 1 2*17 

2-34 ' 


1 




THE CORRELATION BETWEEN SODA AND BARYTA 
ABSORPTION RATIOS 

It has been shown in this and the previous pap(*r that these ratios arc 
characteristic constants of a cellulose material, in that they an* independent 
of the particular reagent concentration used in their determination, up to the 
point where the reagent itself swells the cellulovse. If it should turn out that 
the absorption ratio of any sample had the same value whether determined 
with sodium or with barium hydroxide, this would not only add to the signih- 
cance of the alkali absorjition tests, but would also make it seem probable* 
that sodium and barium react with cellulose in fundamentally similar ways. 
Such similarity of reaction type might be expected if sodium and barium both 
react with formation of a salt. The fact that the amount of the baryta 
absorption is, at the same equivalent concentration, so much greater than the 
soda absorption cannot, however, be explained on this simple basis. The 
question will be further examined at a later date. 

Apart from this difference in the absolute value of the absorption, how- 
ever, the data presented in Tables IV and V of this paper show that the two 
alkali absorption ratios (relative to plain scoured cotton) of cottons mercerised 
under the widest variety of conditions are very roughly identical. There is 
a small but definite tendency for the baryta ratio to exceed the soda ratio as 
the value of both ratios rises. The data given in Table IV of the following 
paper, and in Table X of the previous papc*r, indicate t})at the approximate 
identity of the two ratios holds for samples pretreated with various swelling 
agents, whether dried at high or low temperature. It has not been found 
possible to detect by examination of the data any factor in the pretreatment 
that leads to a systematic difference between the absorption ratios. 
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APPENDIX 

SPECIFICATION OF SUGGESTED STANDARD ROUTINE FOR 
DETERMINATION OF BARYTA ABSORPTION OF COHERENT 

CELLULOSE 

Determine the moisture regain of the sample of cellulose, say r g per loo g. 
dry material. Take 2(14 -oir) g. of the sample, and shake overnight in 30 
c.c. of a iV/4 solution of barium hydroxide maintained at 25® C. 

Withdraw 10 c.c. of the barvta solution from the reaction vessel and titrate 
with N/10 or A720 hydrochloric acid, using methyl red as indicator. 

Correct the titre so obtained for the fact that the baryta is just below 25® 
C., the acid at room temperature. The temperature of the baryta is calculated 
trom the heat content and capacity of the pipette. From this and the tliemial 
(‘xpansion of water, the correction, whic'h is small, is easil}’ obtained. 

Correct the initial titre for dilution by the moisture introduced with the 
samjde. 

Calculate the amount of baryta absorbed bv 2 g ol dr\ cellulose from the 
fhfterencc between thes(' corrcM ted titres 

With the help of a graph constructed from the data of I'able III, coned 
the absorption to that to be anticipated when the end concentration is N,'^, 

Divide this c'orrected absorjdion, (‘xprcsst‘d in milliequivalents jier 162 g. 
of dry cellulose, by the figure 71 to obtain the absorption ratio relative to 
plain scoured cotton 


Most of the experimental work was done In Mr R. Waite 


Shirley Institute 
Didsbiir\’ 
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23— THE SWELLING OF CELLULOSE AND ITS AFFINITY 
RELATIONS WITH AQUEOUS SOLUTIONS. PART V— THE 
ABSORPTION OF COPPER FROM DILUTE CUPRAMMONIUM 
HYDROXIDE AS A CHARACTERISTIC PROPERTY OF 
CELLULOSE AND AN INDICATION OF PREVIOUS MERCER- 
ISATION OR OTHER SWELLING TREATMENT. A NEW 
CATALYTIC METHOD FOR MICRO-ESTIMATION OF COPPER 
Hy Thi)M\s Bkownsm t, Fki di kick Denny Farkow, M.Sc., 

and SiDNiiY M \i rice Neai i , M.Sc. 

( I ho l^ritish C()tton Iinliisti\ Xtsiauli AssoLution ) 

INTRODUCTION AND SUMMARY 

-111 the two previous papers* of this scries it was sliowii that the rapacit> 
of ('otton e(‘llulos(' to absorb either sodium or barium hydroxide from dilute 
solution is fjreatly inrreasc'd as a result of pretieatm(‘nt with swelling agents, 
hollowing a treatment in a loose state with sufficiently concentrated sodium 
hvdroxide solution, the absoqUive power ri.ses about 2*() fold. The* result of 
a similar licatnuMit on the capacity to absorb water vapour from atmospheres 
of varying humiditv has been investigated by Uiquhart and Williams,** but 
lh(' ol)servi‘d inciease did not exceed 1*7 fold. This large difference in activa- 
tion latio could be ex])lained on the assumption of different peTmeabilities of 
a cellulovse netwfirk towards watei jind alkalis, or bv the reasona]>le postulate 
that the alkalis n'act with only one of the cellulose h^ droxyl groups, the water 
with all thie(‘, while the swelling treatment leads to a relatively' greater in- 
(K'ase of the number of free mutually unsatuiated hydroxyls of the salt- 
forming type. If this latter explanation is accej>ted, and also the contention 
(•f Hess and Tiogus'^ that the reaction with cuprammonium hy’droxide, 
(’s})ecially in tlu* presence of sodium hydroxide, involves the two non-salt- 
foiming hydroxyls, then the activation ratio as measured by reactivity 
towards ('uj)i ammonium hydroxide should b(* low. The obvious method of 
determination is that of the absor])tion of < op])er from di]ut(‘ cuprammonium, 
and the pn'sent jiaper d('als with this measurem(*nt. The results of lle.ss and 
Trogirs** indeed indicate that the absoq^tion of copper from cu])rammoniuin 
containing sodium hydroxide is not to a gieat extent dejiendent on the cellu- 
l<2sc or on prc'vious merceri.sation, but .since the .solutions tiny have employed 
to establish this point are .so ( oncentrated as to .swell celluk^se, it is hardly 
surprising that the ob.servc^d absorption is not gn^atly affected by a jirevious 
swelling treatment It has been found, in agreement with Hess and Trogus, 
that the addition of .sodium hydroxide' to cuprammonium increases the 
amount of coj)per absorbed hy a given sample* of ci*llulose. Hy the use of a 
solution sulhciently concc'iitrated in coi>per, tlie statemc'iit of Hess and Trogus 
that different celluloses ab.sorb rotighly similar amounts of copper has been 
confirmed. 

The standard reagent employc'd in the pre.sent work, however, is too dilute 
to swell cellulose appreciably, and its use leads to the n'sult that the* copj-Jor 
absorption, either in the pre.sence or absc'iicc of sodium hydroxide, is depend- 
ent on the pretreatment of the cellulose in much the same way as aie tlie soda 
and baryta ab.sorptions. The ('opper ab.soqition of scoured cotton rises about 
2*f) fold after treatment in a loo.se condition with 25% caustic soda, and tlms 
the determination has failed to substantiate the spt'culation based on th(' 
views of He.ss and Trogus with regard to the reaction with coppei. Though 

* J T(’\t Just , 22 . and *35^* 
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the approximate identity of soda, baryta, and copper absorption ratios is a 
noteworthy fact, it does not as yet form a basis for any satisfactory specula- 
tions. 

The method here described for the determination of the copper absorption 
of cellulose may have technical utility where only small samples of the order 
of 10 mg. are available. 



[Grams, per litre.] [148 gms. Cu correspond to 236 gms. NH 3 ] 

Fig. I 

EXPERIMENTAL 

Development of a Method 

(a) Choice of a Reagent Concentration — Since the present object in the 
determination of copper absorption is that of estimating the activation of 
cellulose resulting from pretreatment with swelling agents, it is evidently 
necessary to employ a reagent that exerts on the cellulose no appreciable 
swelling effect of its own. Since the material is highly anisotropic, the 
shrinkage in length of cotton yam offers a convenient indication of the earlier 
stages of the swelling of this type of cellulose. To determine a permissible 
concentration, therefore, the shrinkage of 2/40's scoured Sakel yam under 
0*3 g. load was measured in cuprammonium solutions of different concentra- 
tions. The results of this measurement are given in Fig. i, and fr6m these it 
has been concluded that a solution containing less than 2*5 g. of copper per 
litre has no appreciable swelling effect. The solution adopted as the standard 
reagent has a concentration of 1*85 g. of copper (o-osSiAT), 28*5 g. of ammonia, 
and 0-02 g. of nitrous acid per litre, and is prepared from the standard reagent 
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used at this Institute as a cellulose solvent for viscosity determination by 
diluting it with water to eight tim^s its original volume. 

(6) The Estimation of Copper Absorbed — In the procedure first ^ried, 2 g. 
of cotton were added to 30 c.c. of the cuprammonium solution, and the 
preferential absorption of copper was estimated by analysis of the residual 
solution by the usual potassium iodide-thiosulphate volumetric method. 
On account of the unreliability of the starch end point, and because a 
method using only small amounts of cotton was desired, the amount of cotton 
taken was reduced to 40 mg. and the volume of solution to o-6o c.c. The 
copper content of 0*20 c.c., measured out within hy a special 

micro-pipette, was estimated by various catalytic methods. The method of 
analysis finally chosen is described later, and is unusually accurate amongst 
catalytic methods owing to its shaip end point. 

Since the copper absorption is very pronounced, so that the copptT con- 
centration sometimes fell to less than half of its original value, it was not found 
practicable to correct absorptions to a fixed end concentration, as for the soda 
and baryta absorptions. To overcome this difficulty and to avoid the labour 
of asing the micro-pipette, a method was therefore finally adopted in which 
about 10 mg. of cotton were immersed in a large excess of solution, the 
adhering liquor was removed from the cotton by means of filter papers, and 
tlie copper actually in the sample was estimated. The procedure is described 
in detail in the sequel. It is characteristic of cuprammonium that its swelling 
action on cotton is very slow, presumably on account of the slow diffusion of 
copper, and this slowness of diffusion operates to prevent serious loss of copjier 
from the cotton cellulose to the filter paper. The validity of this procedure 
is demonstrated by the following data, the regain figures wShowing that an 
('xcessive amount of solution is not retained after blotting, while the compari- 
son with centrifuging shows that copper is not lost to the blotting paper. 
The copper absorption is so strong that a variation of 50% (on the weight of 
cotton) in the weight of solution retained would cause an error not greater 
than 3% on the observed ('opper absorption. 

Absorption of Copper (Millimoles per 162 grams) by Mercerised Cotton Cloth 


Dried by / Weight of solution retained per 100 ol cotton ... 100 95 90 

centrifuging \ Copper a bsoiption found .. 108 113 1(>8 

Dried by f Weight of solution retained per 1(K) ol cotton ... 43 45 

blotting \ ('opper absorption found .. ... 117 112 


The discrepancies here do not represent tht' unavoidable error; the above 
measurements were among the hr.'^t made, and the absorptions were not con- 
ducted at controlled temperature. 

Method Finally Adopted 

(a) The Absorption Process About 10 mg. of the sample arc weighed on a 
torsion micro-balance, immersed in a volume of cuprammonium calculated on 
the basis of 15 c.c. to 10 mg. of dry cellulose, and allowed to stand in this solu- 
tion at 20° C. with occasional shaking for at least four hours. The sample is 
removed from the cuprammonium, immediately blotted between sheets of 
filter paper, and then dried in an oven for a few minutes to drive off ammonia. 

(h) The Estimation of C opper- method used for the estimation of 
copper is a development of that employed by Baines,’ but gives a much 
sharper end point. It depends on the fact that the reaction between sodium 
thiosulphate and hydrogen peroxide is accelerated by the presence of traces 
of copper. This reaction proceeds acc<mling to the following equation, 
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provided that the alkali is neutralised as soon as it is formed^ - 
aNajSgOg 4 HjOa = Na^SjO^ t 2NaOH 
If the alkaline hydroxide is not neutralised immediately it reacts with the 
tetrathionate, forming thiosulphate, sulphate, and sulphite.* A convenient 
mcasun* of the rate of production of alkali can ]>e obtained by adding a 
standard quantity of acid, and observing the time reciuired for the solution to 
become alkaline A standard curve is obtained by determining the accelera- 
tion when known amounts of copper are present, and hence the method does 
not depend on the validity of the above equation It should be noted that 
the oxidation of thiosulphate bv hydrogen peroxide is catalysed hy traces of 
iron, whicli was not present in the mateiials dealt with in tJiis paper 



Plaii 1 

Photogirf])li of bar with mixing lubes in j) 0 '*ition Ihc apjiaialus is nnniciscd 
in a g^ass-f’ontcd theimostat with tin btands cnitsidc 

The deteimination is made' 111 a mixing tube sliaped like an inveited V and 
stoppered with a well-htting rubber stoppei Into one limb of the' 1 ube 25 c.c 
oi Ay 10 sodium thiosulphate are pipetted, and thiee or four diops of bromo- 
cresol purple aie added. Into the other Imib to c c of AVio hydrochloric acid 
are run, tlu* sample containing the copper is add(‘d, and finally 25 c c. of N/4 
hydrogen peroxide aie introduced The lube is then stoppered and allowed 
to reach temperature equilibrium in a 20' C Ihcrmostat It lias been found 
convenient to clamp several of these tubes to a brass bar .so that a number ot 
determinations can be started at the same time A photograph of the bai 
with tubes in jiosition is given in Plate I The solutions are mixed by a 
]iartial rotation of the bar, which tilts th(‘ vessels and allows all the contents 
to run into one limb or the othei. This is done several timds to ensure 
thorough mixing, and the time which elapses between the first tilting of the 
bar and the colour change is measured with a stoj) watch The colour change, 
which IS yellow to purpk*, is very sharply defined, and can easily be timed tt) 
less than a second. Indeed, lor reaction times of about 50 seconds, the change 
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is almost instantaneous. The time depends on ttie (oncentralion of the 
hydrogen peroxide, and therefore a blank experiment, that is one containing 
no copper, is done along witli each batch of determinations. 

If the blank time is designated T’o and the time when copj)er is pres('nt 
7 \„, the quantity 7 o/T'i„ is a measure of the ainoimt of copper present. It 
will, in fact, be shown later that is proportional to the concentra- 

tion of copper. The factor of proportionality between T. I'I\ „ i and the 
coi)per concentration is not very sensitive to changes in thi‘ blank time, so 
that the above procedure allows with siifticiont accuracy for slight chang(‘s in 
blank time due to spontaneous decomposition ol the* stock hydrogen peroxide*. 

In the determination of the relationshij) betwetn copper concentration 
and rate of reaction, it is neces.sary to perform the (*xperiinent in the standard 
fashion, adding small but accurately known amounts ot co])j)er without 
diluting the system. This is achieved by diluting lo c.c. of a solution of 
copper sulphate containing o-os g.inole of copper ptT litn* to 200 c.c . with N/in 
hydrochloric acid. The diluted .solution them contains 2 . 5 v'i(r*‘ g.mole of 
copper })er cubic centimc‘tre. In a calibration exi)eriinent. v c.c. of the copper 
solntion and 10 x c.c. of A'/io hydrochloric acid are ilscuI. The dilution of 
the acid cau.s(*d by the co])])er sulphate in the* calibration exiHTiment is then 
exactly equivalent to that in the subsecpient copper determination causc'd by 
neutralisaticm of part of the acid by the ccjpjnu', which is then in tlu* form of 
hydroxide*. The graph of l\„ against the amount of copper pn*sent is a 
straight line for any one conc'cntration of pc^roxicic*, but its slope varies slightly 
with the jieroxide concentration. It is founcl more* c'onvenient to renew’ tlie 
h} drogen peroxide when the* blank time diffcTs b\' moie than about from 
tile .standard time* than to work with several standardising graphs. The 
results of two sets of standardi.sing (‘xperimenls arc* givcm in Table f and Fig. 2. 

ruble I 

Clalibration Data for Catalytic Micro -estimation of Copper 

Uvdrogen pitoxuh solution So. 1 {blank time about 480 sets ) 


10"‘* Moles Cu 


< 


0 

10 

15 25 

0 

5 

12-5 

20 

Tniu* (st‘( s ) 


4708 

112-2 

75-4 47-9 

477*6 

173-0 

lOI-S 

59-2 

1 nl '-l X i\ ^ 


1 

4-27 

6-37 10-0 

1 

2-76 4 

4-69 

8-07 

... 


’ 

•327 

•358 -360 

- 

•353 

•295 

•353 

10" ‘‘ Molc.s ( U pU'Sfllt 

0 

10 

12-5 20 

5 

10 

12-5 

15 

'rnnc" (sees ) 


477-5 

104-(S 

89-5 59-5 

174-4 

10.5 

89-4 

77-2 



1 

4-56 

5*34 8*03 

2-74 

4-55 

5-35 

618 

(r--l)lc 


- 

•356 

-.347 -351 

-348 

•355 

-.347 

•346 

lO"" Moles Tu 

pi esenl 

0 

7-5 

15 0 


5 



'I'liTje (secs ) 


480-0 

1330 

77-4 520, 

525 

188, 

188 




1 

3-61 

6-21 1 


2-77, 

2-77 


(r -])/<■ 


-- 

•348 

•348 — 


•354. 

•354 



IJydrof'i 

n piroxidt solution No 2 {blank time about 360 set' 

•) 


10"® Moles C'u 

jiresenl 

0 

1-25 

2-.S .S-T.S 

5 

0 12-5 

12-5 

25 

Time (secs ) 

. . • 

350 

248 192 157-6 i:i 

13-2 356 71 

66 

38-5 

T'o/ro. 


1 

1-41 

1-82 2-22 

2-62 

1 5-02 

5.39 

9-25 

(r-l)/r ... 


— 

■328 

-.328 -325 

•324 - 

•322 

•352 

•330 


The constancy of the expression (r - i)/f indicates that the relation between 
the amount of copper present and can indeed lie represented accu- 

rately by a straight line (see Tig. 2). 

Since the graph is a straight line, it is more accurate to multiply T , |T^ „ — i 
by the factor of proportionality than to read the amount of copper off the 
graph. If the blank time does not equal either of the .standard times, the 
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copper concentration is obtained hy employing a factor inter]>olate‘d between 
the two known factors. The following table show’s the blank time given by 
the same iJoroxide solution on different days under identical conditions — 
Arc of solution (days) .1 4 5 7 9 

Blank lime (sfcs ) ' .. 371 376 376 .382 3v87 

In an actual absorption experiment the blotted and dried sample of cellu- 
lose is added to the acid and allow'ed to become completely wet before the* 
peroxide is added. The standard procedure is then followed, and T, /T, is 
computed. From this, with the aid of the graph or known factor, the amount 
of copper absorbed by the sample, in 10“ ® g.moles, is obtained. The result 
is calculated as lO"^ moles of copj)cr per 162 g. of cellulose, an allowance being 
made for the moisture content of the sample. 

Effect of Time on the Copper Absorption 

Several experiments were commenced at the same time, 2/40*8 soda-boiled 
Sakel yam being used. I'he yarn was taken out after varying intervals, and 
th(' copper absorption determined. The results of two series of experiments, 
which are given below, show tJiat absorption is virtually complete after one 
hour. 

Time (houi’j) i 1 2 5^ 6 21 26 

Absorjition, 10"® moles per 162 g — 

1st Senes - -- 73-2 69-5 68-4 

2nd ScTies 63* 1 6.5-2 67 65-3 — — 65-2 

The first result in each series being omitted, the moan was taken as 66-8 milli- 
moles of copper absorbed by 162 g* of dry cotton. , 

Expression of Results as a Ratio 

It has been found convenient, and is uniform with the procedure adopted 
for the soda and baryta absorptions, to divide the observed absorption of any 
sample by b6’8, the value given above, and so to express the copper absorption 
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as a ratio relative to that of scoured cotton cellulose. The actual ab.sorj)tions 
from the standard solution, and the copper absorption ratios of sample.^ of 
cotton which have been subjected to various treatments are given in Table I V. 

The Absorption of Copper from Cuprammonium Solutions containing Sodium 
Hydroxide 

Hess and Trogus* have shown that the addition of sodium hydroxide to 
( uprammonium hydroxide solution increa.ses the amount of coj^j^T that cellu- 
lo.se absorbs from this solution. The theoretical significance of this ()!)scrva- 
tion, however, is obscured by their further observation that the addition of 
sodium hydroxide is also ihcrea.sing the power of the .solution for swelling and 
dissoh’ing cellulo.se. Tt has been .shown in this and in the preceding papers 
tfiat -.uch swelling cau.ses an '‘activation'* of c(*llulosc, and the increased 
absorption might either be attributed to such an effect or be interpreted as a 
mon' .specific and fundamental pioperty of the system sodium hydroxide, 
( ui)rammoniuni hydroxide, ccdlulose Kxpexinu*nts that have now been made 
at extreme dilutions of copper indicatt* that the increase of copper absorption 
brought about bv addition ot sodium hydroxide is still marked even wlien the 
c(dlulose remains imswollen Tlie data an* given in Table II. 

K\perim(*nts on tin* coppei ab.sorbing power ol diffen^nt .sainjdes of celhi- 
lo-^e have also ]>een doiu* on one of the.se solutions verv dilute in cop}>er but 
moderately concent lated in soda. 'Hie three samples taken absorb wid(*l\' 
different amounts of copper, but >\heTi the (ojjjiei and timmonia comentra- 
lioiis are iiKTeased up to the values employed by lle.ss and Trogus, these 
dif1(‘ienc(*s almost dis<ippi‘ar (Table 111). Hence it ma\ be toiuludc'd that 

Table 11 

Absorption of Copper by Scoured Cotton Yarn 

Initial ( oiu I'ntratiou (^1 <)*0ni47 el A; Inn]) 2U t. 

C out c ntrdtion of 


sodium }ndTO\Hi(‘ 
Absorjitioii ol ( u 

(» 

•075 

252 540 

•O.sS 

•958 

inillnni >](•', per 
162 cf 

8-48 8 48 

21-0 19-4 

29 1,28 5 4.1-2 48-2 

H9'0. (>8 0 

79-5, 82-9 

h'lnal eon» eptialion 






of Cu, etpma- 
h Ills per litre 

•00141 

•00j;i8 

•00127 00117 

•00099 

•00181 


their observation that ditlcront fonns of cellulose are (‘(jually reactive towards 
cuprammonium sodium hydroxide is not generally true, but only holds when 
the solution po.ssc.sses sufficient .swelling power to bring the least reactive up 
to the level of the most reactive samples of cellulose 


Table HI 

Absorption of Copper from Cuprammonium Sodium Hydroxide 

Copper absot])tion 
Millimoles per 162 g Ratio 

Dilute Solution 


topper, 000147 A, NdOIl, 0 572 A , NJI3. 0 25 A 
Weight of 8aiT)]>le, 1 2 to 2.5 mg. Vol. of solution, 1 ,000 < .( . 


Scouied Sake! yarn 
Tochmcally mercerised cloth 

Yarn mercerised loose in 25"o caustic soda, air tlned 

Solution ab used by Hess ami Trogus^ 

topper, 0-06 A'; NaOH, 0 60 A’; NUj, 10 A 
Weight of latnple, 1 mg. Vol. of solution, 10 t.<. 

Scoured Sakel vain 

Yarn mercensed loo.se with 25% caustit soda, an diitd 
Cuprammonium ra\on 


54-6, 54-7 

1-00 

75-5. 78*7 

1*88. 1‘40 

160, if)0 

2-98. 2-93 

540, 546 

1-00 

581, 571 

1-07. 1-05 

618, 680 

M4. 116 
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Table IV 

Copper Absorption Ratios of Various Samples of Cotton Cellulose 


Natuie and pretreatnicnt of sample ( opper absorption 

C opper 

Soda 

Harvta 

millimoles per mole 

ratio 

ratio 

ratio 

Sake! varn scoured 1% KaOil for 6 hrs 






.it 20 lb. e.Kcess pressure 

65-2 

65-2 

Taken as 

1*01 

102 

69*5 

67 0 

100 



Technically nieicen.sed cloth ... ...-^ 

I.oose scouied tottoii pretreated t iipraiii- 

rio8 

LI08 

inn 

117/ 

1-67 

1-62 

1 *66 

ammonium 24 hrs (5-5 g. Cii pei litre) 

123 

142 

1-99 

145 

1-36 

Scoured Sakel varn treated loose with 






25‘;„ NaOH. air dried . . 

.Above wetted and dried fourteen times 

187, 

178, 169 

2*66 

2-53 

2*66 

at ll(r (' 

Vcirn treated loose with 3JV NaOH at 

145 

141 

214 

2-09 

2*10 

—7" (' 

295 

205 

3‘07 

2*70 

2*79 

('upranimoiiium layori 

Variations of Mencrisin^ Vroic^^ 

222. 

216, 207 

3-22 

3-20 

3 81 

(all H nuns at 2S C ) 






Alercensed grev and then stoiiied 






12-5% NaOH No shiinkage 

]t)1 

103 

1*52 

141 

1 43 

25% NaOH No shiiukage 

116 

119 

1*76 

1*75 

1'79 

25% NaOH Loose and restiidi hi d 

122 

125 

1-85 

1-S5 

I'SS 

NaOH. Loose 

S( oured and then niei censed— 

155 

157 

2-33 

2-33 

2 22 

12*5‘j„ NaOH No shrinkage 

110 

113 

L67 

l*(i0 

1 65 

25% NaOH No shrinkage 

159 

165 

242 

2 '23 

2'34 

25% NaOH Loose and lestietihed 

157 

157 

2*35 

2'34 

2 40 

25-5% xNaOH Loose 

173 

174 

2-60 

247 

2 61 


The Copper Absorption Ratios Characteristic of \arious Pretreuted Sani])lcs 
of Cotton 

Since it has boon found in the course of tlu‘ work (iescribed in tho two 
pn'ceding papers that the soda and bar> ta absoiption ratios of most cellulose 
samples do not, even ovct a wid(* range, differ markedly from each other, it is 
natural to inquire whether the same rough agreement holds for th(‘ co})i)er 
absorption ratio. The data given in Table [\^ show that this is so, Init tliat 
cotton pretreated with cupramraonium sufficiently conctmtrated to cause 
great swelling is an exct'ption. This sample* showed a markedly greater in- 
crease of activation towaids the dilute cuprammonium than towards the 
simple alkalis. The dependc’iice of the ac'tivation ratios on the alkali con- 
centration, and on the stretching and other conditions of mercerisatiem, is 
discu.ss(*d in the preceding papers. 
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24— SOME STUDIES OF THE YOLK IN NEW ZEALAND WOOL 
I— THE EFFECT OF SHEEP COVERS ON YOLK PRODUCTION 

By W’lLI.IAil (iFORGF. Smox 
(Massey Agricultural (\»llege, I'liiversity i)t Vrw /.(‘alcind ).* 

<'rhis work has been carried out with the aid ol a grant lioiii the I>ej>artment ol 
SLicntilU and IndiiHinal Kesearcli New Zealaiul.) 

Yolk, or wool grease, coiisi^^ts of the products of tlie sebaceous glands 
and of the sweat glands of tlu' siie('j). Wool hdlicles do not all ]>ossess sweat 
glands, and tin* sebaceous glands vary botli in number and in size from 
follicle to h)llicleb2. This explains, at least in part, tlie ap])r(*ciable differences 
in amount and in composition of the yolk from one fk‘cc(‘to anothei, apparent 
ti' the naked t‘vc, and aj)prcciat(‘d by most shei]> bleeders, wlm legard a 
certain lyjie of yolk as tlu* necessary accompaniiiK'nt ol a superior wool. 

In the Romney Marsh sheep, predominating in the North Island of 
New Zi^aland, liglit coloured and liquid yolk wliich flows to the tip of the 
wool is supj)osed to indicate a uniformly grown fibre jiossessing strc'iigth 
aiul the minimum amount of “wasty” tip in(‘(*ces in wliich the yolk is 
yellow, solid and concentrated in zones. lre(|uentl\ have several inches ot 
wool at the tips jioorlv sup])li(^d with yolk. Th(‘s(‘ tips a i*i“ usually brittle 
and reduce tin* \«du(‘ of thi* wool. 

Ill the light of n‘('ent work by W’insoiv^ there would seem to be some 
foundation tor tlie view that volk influences th(‘ character of the wool 
fibre. This influenci' might ojierate in several ways, 'flu* products ol the 
sebaci'ous glands and sweat glands may have somti influence on the fibre while 
still within th(* follicle. Thr penetration ot liquids into the ca])illary cavities 
of the wool fibrt' has been shown by Speakman to influence tlie pliabilit>' 
and elasth'itv' ol the fibre'', and there is the jiossibility that yolk functions 
in a similar manner, at an\' rate so far as the microscopically visible pores, 
observed by Mark'' in thorouglilx' degreased fibres, are conccTiied. There 
is a poimlar beli<*f that the yolk nourishes the fibre. Finally the yolk may 
simply have a protective function, serving to pn^vent weathering and 
deterioration of the fibre after it has emerged from the fidlide. Whatever 
may be the true relationship between yolk and fibre it would seem lhat„ 
empirically at least, a plcntilul supj)ly of mobile yolk is to be desired, if 
only as an indication of the good health of shee[). 

As a result of the wide-spread interest among wool growers in the subject 
of yolk as related to sheep management on the one hand and to wool quality 
on the other, work was commenced in May 1929 at this college to endeavour 
to establish some definite information regarding local breeds and conditions. 
Before such questions as the effect of feeding and otlier lactors on yojk 
could be investigated, it was necessary to evolve* a method of measuring 
the yolk produced by the sheep’s skin. 

A considerable proportion of the yolk is liable to be leached out of the 
fleece by the action of rain, the am( 3 unt of leaching depending on a number 
of variable factors such as rainfall, type of fleece, and stage of growth of the 
fleece. Thus, in order to make comparisons of the total yolk produced by 
the skin as distinct from the yolk retained in the fleece, it was necessary 
to devise some means of pre\'enting loss of yolk. 

The housing of sheep is not practised in this counlry, so that there are 
no facilities for sheltering large numbers of sheep from the weather. The 
provision of waterproof covers similar to those used on other domestic 

F 
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animals and frequently on shc'cp for the show ring, suggested itself as an 
alternative method of protecting the fleece from tlit* rain. 

After some preliminary trials, a suitable cover, protecting the back and 
sides of the animal, was designed. The object of the expc'rimental work 
recorded in this paper was to discover whethc'r putting covcts on the sheep 
affected the glandular secretions, e.g., by preventing ventilation or causing 
irritation and perhaps overheating of the skin, with modified yolk produc- 
tion. 


METHODS OF ESTIMATING StIINT AND YOLK PRODUCTION 

Several methods of obtaining tiu' clc'an yield of raw wool, some of them 
involving separation into wool-fat, suint and dirt, have* been described 

For the work now describ(‘d the method had to be capable of dealing 
with large numbers of samples without d(‘manding continuous attention. 
A method fulfilling these rt'qiiiremcmts and at the same time giving reasonable* 
accuracy has been dev(‘lop(‘d. The essential ft‘ature of this metluxl is the* 
applicatiem of Soxblet extraction to the e'stimation e)f the* water-se)luble 
e'onstituents. It is intere'sting to note that the proerelun* is edmost identical 
with that recently describeel by Bonsma*". 

I'he methe)el in use at this la])oratory is as fe)llows - 

A sample of the raw wool weighing about J 50 grams is weigheel in a tared 
air-tight vessel.* The sample is le)oselv arrange*!] in the vessel whie'h is 
placed in an e)ven at 105'' C and elrie'el ie) cewistant weight. Sixte*en liemrs 
is found to be sufficient time for the pur])ose. At the (*nfl of this time the 
vessel is closed while still in the oven, cooled m a d(‘siccat()r and weighed. 

The dry grea.sv .sample is then carefully transferred to an extraction 
thimble (qj mm, x 123 mm.), care being tak(*n not to pack tlu* wool too 
tightly, and extracted vigorously with dry ether in a Soxhl(‘t extractor 
for six hours. After removing the ether from the wool in the thimble, tin* 
sample is extracted with water in a Soxhlet extractor for tw(*lvc hours, 
the flasks being immersed to a depth of r cm. in an oilbath at 150*' C. Tht* 
battery of extractors is surroimded by a jacket to niinimi.se coiulensation 
in the side tubes. The water extiact is th(*n !*vaporate(l to dryness in a 
small weighed porcelain dish on a water-bath, dried to constant weight in 
the oven, cooled in a desiccator and weighed. Three hours drying at 105' C. 
is found to be sufficient. 

Tlie extracted sample is then removed from the thimble, rinsed first in 
warm water, then in warm soai)y water, and finally again in pl(*nty of warm 
water, any foreign matter being picked out. 

After air drying, the clean sample is transferred to the air-tight v(*ssel, 
dried at ins'" C. and weighed. This method of removing dirt is ado])ted, 
since teasing out the fibres as suggested by Marston" and Bonsma'^ is too 
slow for routine work and is difficult to carry out without some loss of soil. 
The weight of .soil, seeds and other foreign matter is obtained by difference. 
Figures obtained from samples of Romney wool in whicli •the dirt was 
estimated by teasing out the dry fibres are given in Table I. 

* A suitable vessel lor the purpose is u pint iniit-picserving jai < losed with a spnng 
cli}), the pres.siirt* of which on a lublier nng seals the joint. Such a jar is easily and 
cjuickly closed m a confined space and at a high tenijierature. 
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Table I 


Sample 

1 Moi.sture 

Ether 

Extract 

Water 

Extract 

1 

* Soil, etc. 1 

Clean 

Fibre 

1 Total 

, Percentage 


14-4 

6-4 

5*7 

1 4-5 ' 

68-8 

99-8 

2’ 

1 14*6 ' 

8-5 

8*4 

1 4-5 

63*8 

1 99-8 

: i 

1 161 1 

41 

7*2 

1 2-5 

69-8 

, 99-7 

:b 

' 16-7 ! 

4-3 

7*3 


— 

I — 



EXPERIMENTAL DETAILS 




At the end of January IQ30, forty sheep were selected from 250 ewe 
hoggets of the College Romney Marsh flock. These animals were selected 
as well grown and uniform sheep possessing the same tyj>e of fine wool 
(48 's count). They had been shorn at the end of October 1929 and had 
since grown about two inches of wool. 

The sheep were ear-tagged and a sample of wool was taken from the 
middle of the left sid(* (over the last rib) of each animal by means of the 
shearing machine. The sheep were then dipped as usual to avoid parasites, 
it being assumed that only a negligible quantity of dip fluid would adhere 
to the short length of wool on the newly shorn area. It was decided to work 
on wool from the side, as work in America on Rambouillet sheep® has shown 
that the wool from the side is intermediate in the amount of yolk which' it 
contains between the extremes afforded by other parts of the fleece, and 
approaches most clo.sely to the average of the whole fleece in this respect. 

Twenty of these forty sheep were chosen at random and were fitted 
with light waterproof covers. Both groups were then run together on 
paddocks adjacent to the wool shed into which they were driven whenever 
rain threatened, and, if necessary, at nightfall. As there was but little rain 
in the three months during which the experiment was carried out, the sheep 
were seldom in the wool shed for more than a few hours at a time. The 
wool shed used to shelter the sheep is a large well ventilated and well lighted 
building divided into pens. The grating floor was covered with straw 
bedding which was frequently changed. Each pen was supplied with abim- 
dance of water, hay, and turnips. 

This treatment was continued for ninet^^-six days, the covers being 
adjusted as became necessary. At the end of this period a sample of wool 
was taken from each sheep from the area originally sampled. None of the 
sheep were exposed to rain during the period of the experiment, so that no 
loss of yolk occurred. Since they were all treated alike any difference between 
the two groups should be due entirely to the effect of the covers on the 
covered group. There was no apparent discomfort caused by the covers 
when properly adjusted, and all the sheep throve during the experiment, 
being given frequent changes of pasture, and otherwise treated in the normal 
manner. 


RESULTS 

So far no method has been devised for measuring the total amount of 
yolk produced by the skin of the sheep, and it has been usual to express the 
yolk and its constituents as percentages of the raw wool. There are several 
obvious objections to this method, e.g., varying moisture content of the 
raw wool samples, and variable contamination with soil, dung, and other 
extraneous matters. 
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To eliminate any effect on the yolk figure due to these external factors, 
the method adopted here is to express the ether-soluble extract and water- 
soluble extract as percentages of the dry clean fibre. 

Table II gives the results at the initial and final samplings. In order 
to compare the results, the number of samples, the arithmetic mct the 

Table II 

Ether Extract and Water Extract at Initial and Final Samplings expressed as 
Percentages of Dry Clean Fibre 


Sheop Uncovered during l!.xperinieiit 


Sheep (o\tr<d dining hxp(*ninent 



Lnitidl S 

liimpling 

Final S 

ampling 


ini tied £ 

Sampling 

Final 

Sampling 

No 

1 ICthci 

Wdti-i , 

h' tllCT 

Wdtt'i 

No 

Fthc‘1 

1 Water 1 

F tlUM 

W atiT 


1 Kxtinrt 

Kvticict 

Kxtiru t 

Fxtiact 


Extract 

j h'xtiact j 

I'xliat t 

; JCxtiact 

S38 

91 

120 

13-2 

1 24 6 

837 

! 104 

12-8 

13 7 

22 0 

839 

1 13*1 


15 9 1 

17-4 

841 

' 8 5 

8-3 

8 0 

15 4 

840 

9-6 

— 

12-8 

29 2 

845 

9-0 

8-8 

12-7 

16-6 

842 

7-3 

6-2 


18*9 

846 

92 

100 

121 

19-3 

843 

6-3 i 

98 

8-4 j 

188 

848 

9-9 

74 

91 

120 

844 

6-6 

7-4 

8-2 1 

99 

851 

7-2 

1 ' 

83 

17 0 

847 

9-9 

10-8 , 

11 4 , 

, 16 5 

852 

9-5 

' 90 , 

12 3 

184 

849 

1 9*2 

110 1 

10-8 

19 3 

853 

j 4-8 

1 9-5 1 

9 1 

15-6 

850 , 

5-6 

9-2 

101 

21-4 

855 

' 6 3 

8-5 1 

7 0 

14-6 

854 I 

7-7 

8 1 

12-8 

21 4 

859 

70 

100 

8 0 

16-3 

85(5 

7-6 

4-2 

10*2 

12 3 

mo 

110 

94 1 

130 

21-6 

857 

8-0 

no 

9*5 

18-6 

861 

7*7 

9-5 

8 1 

169 

858 

7-2 

- 

12-3 

13-8 

862 

7'3 1 

1 100 1 

5 7 

16 2 

863 

9-3 

11*3 

10-5 1 

20 2 

864 

86 

12-7 

10 9 

13-0 

865 

7-7 

8*9 

9-2 

22 5 

868 

6*8 


86 

14 5 

866 1 

t 7-4 

11 S 

8 3 1 

I 18-6 

869 

90 

10 2 1 

10*7 

23 6 

867 

7-0 

6-7 

9 0 

160 

870 

9-9 

8 3 

no 

14 7 

872 1 

1 8-0 

13-4 1 

91 ' 

201 

871 

61 

1 

14 2 

18*2 

873 1 

! 6*7 

7-8 

7 8 1 

23 7 

875 1 

1 84 

74 1 

120 

24-3 

874 

7-4 

1 

1 

85 1 

10 3 

482 1 

1 90 

12*6 1 

7 7 

34-6 


Sampling 


Table III 

Summary of Data in Table II 



KtluT Extiac t 

i 

Water i 

'"x tract 


UncoNcred 

t overed 

' Uncoveied 

1 ('o\(ied 


Shc<-}) 

1 Sliccp 

1 Shoe]) 

SlKvp 

n 

20 

0 

1 IB 

18 

M 

80 

1 8*3 

1 9-5 i 

9-5 

a 

1-7 

1-7 

2*7 

10 

om 

0-39 

0*39 

0-70 

1 046 

n 

19 

1 20 

20 

20 

M 

104 

10-2 

18-7 

18-3 

a 

2-2 

2-6 

4-8 

51 

_<Tj/ 

0*52 

0-60 

MO 

117 


Where— ^ n 
M 


‘ Number of samples. 
= Arithmetic mean. 

= Standard deviation. 


deviation from M 


Standard error of mean. 
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standard deviation, and the standard error of the mean for (*ach class in thi‘se 
two tables are given in Table TIL 

DISCUSSION 

From Table TTI it is seen that at the initial sampling there is no significant 
dilfen*ir e either in ether extract or in water extract between th(' value's 
for th(' Siieep ('hosen to be covered and those not to bi* coven'd, so that the 
two groups were initially C()m]iarable. The sanu' is true at the final sanijding. 
Though then* was a considerable increase* in tin* amount of (‘th(*r extract 
during the (*xperiment and the water extract was almost <louble, yc't the 
increases are of the same order for the* covered shec*}) as for tin* iim'overed. 
This experiment has failed to detect any influence of sh(*('j) coveis on yolk 
production. If such an infliK'nce exists it is quite insignificant compared 
with tlu* normal variations between individuals. 

It tluLs ap})ears that tin* provision of waterjuool covers for sheep is a 
suitable nu'lhod of ])rot(’cting tlu* fl(‘ece Ironi the w(‘ather for <'X|)erimental 
purposes. This mi'thod will t nable iurther work to be ('\ti*iul('(l to investi- 
gations into the (*ilect of climate, soil, and fi'eding on yolk production, and 
the relationship between yolk (‘haracteristics and wool type. 

SUMMARY 

(1) A routine method f(.»r estimating the con.stitu(*nts of greasy wool 
is described, 

(2) An (‘xperiment is <U*scribed in which the efiect of light wat('rproof 
sh(*(’p ('overs on the* ])ro(liicti(ui of yolk bv the skin is investigated. 

(j) 'Phe conclusion is drawn that for the New Zealand Koiniu v Marsh 
.sh(*(‘p undt*r local climatic ('(mditions tlx* efkx't of .slu'ej) covers on yolk 
production is (juite insignificant compan'd with th(* normal variations 
between individual animals. 
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25~THE SULPHUR CONTENT OF SOME NEW ZEALAND WOOLS 

By D. J. SiDEY, B.Agric., H.D.D. 

rWool Industries Research Association) 

In a previous papcr^ the author described the collection of the New Zealand 
fleeces sent to Torridon for a trade report and a laboratory exan;*nation. 
For the purpose of examination of the sulphur content of some of these 
wools, fleeces were selected in pairs from the various lots so that the fleeces 
in each pair were from sheep of the same age and sex, and which had been 
produced imder similar conditions. Each individual pair, with the exception 
of the two lots numbered i8 which came from the same flock, came from flocks 
in different parts of Now 2Sealand with different soil and climatic conditions. 
Thus comparable results were obtainable. According to the trade opinion 
obtained, one fleece of each pair was classified as a good spinning wool and 
the other as being not so good. 

The same shoulder sample was used in these experiments as was used 
in the experiments described in the previous paper ^ and the sub-samples 
required for the analyses were obtained by taking a random staple from each 
of the i() zones. The sub-samples so obtained were thoroughly cleansed 
by two washings in hot benzene, one washing in a o*i% Saponin solution 
and several changes of distilled water. After drying, the wool was combed 
on two hand cards to permit of better conditioning and sampling and was 
left for at least twenty-four hours in a room kept at a fairly constant humidity. 
Samples were then taken for moisture determination by the method 
described by Barritt and King* and for sulphur content by the method 
described by Rimington*. The results of the analyses are shown in the 
accompanying table. Each result is the average of three or more determina- 
tions on the one sample and the Standard Error of the result is given. 

It will be seen from the Table that, in every case except one, the better 
spinning wool of each pair has a higher sulphur content than the lower class 
wool, and that in the case of the exception there is no significant difference. 
For each pair of fleeces the sulphur content is also in inverse proportion 
to the Coefficient of Variation and the contour figure, i.e., the wool that by 
laboratory examination should theoretically be the better spinning wool, 
has the higher sulphur content. It would, therefore, appear from this work 
that there is a correlation between the spinning properties and the sulphur 
content of a wool. Admittedly there are not many analyses in this set, and 
so a good deal more work will be necessary before any definite statement 
can be made. The author hopes to continue the work in New Zealand 
where duplicate samples are available. 

These results are probably unique in that it is the first case in which there 
has been available a series of wools of known history grown under similar 
conditions, so that one sample was selected for its good spinning properties 
the other being indifferent in this respect, while other factors and 
characteristics are as closely comparable as possible. With the exception of 
the analyses carried out by Bonsma*, most of the other sulphur Smalyses that 
have been made have been on wools of which very little has been known 
of the previous history. It is only by a study under the conditions descril)ed 
above, with probably a little more control over conditions, that any general 
conclusion can be arrived at. It is also possible that the relationship between 
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sulphur content and spinning quality may more clearly emerge in the case 
of crossbred wools than in Merinos because the Merino is a more standardised 
type while in the crossbred desirable or undesirable ('haracteristics are more 
likely to l>e met with. 

It is of interest to note that the ligurcs quoted in Table I of Bonsma's 
paper^ lend a certain amount of weight to the theory that there is a 
correlation between sulphur content and spinning qualities of wool. Of the 
fifteen wools quoted in this Table, twelve have either a “very good*' or a 
“good" soft handle, and in nearly every case the sulphur percentage is over 
j’O per cent. The other three wools have only a “fairly good" or “poor" 
handle and the average sulphur percentag(' of these wools is as low as about 
3*2 per cent. “Handle" is a term which is admittedly difhcult to define, 
but then* appears to be some relationship between the handle of a wool and 
the manner in which it spins. 

Another point of interest is the low jMTcentagc of sulphur in the RoniiK'V 
wools compared with that of Merino wools. Barritt and King‘d have* shown 
that kemp and medullated fibres art* low in sulphur contc'iit (()mpart*d with 
normal fibres and this fact may help to account for tin* tendency of Romney 
wool to produce medullated fibres when ]daced under j)oor nutritional and 
breeding conditions. It may be argut'd that the Roniiu'v ])n)duces a gr(‘att*r 
bulk of wool through which the sulphur has to be distributed than do(*s the 
Merino, but on the other hand, it has to be remembered that the Romni*y 
probably consumes considerably more food than the Merino. Also as a 
general rule, the cjuality and, therefore, tin* probable ])i()t('in»sulphur contt'iit 
of the class of pasture graz(‘d bv a Romm*^^ is considerably better than that 
available for the Merino. Another fact arises in this connt‘cti()n wliicli may 
have some influence* on tin* question of 'rhickened Ti]) in Romnev wool. 
In Dr. Dry’s rejxirt** on differential shearing with regard to 'I hickened Tip, 
it is statt*d that the work provides a d(*fmite case* of tin* influence of envii on- 
mental conditions u])()n inedullation. It is conceivable that the (pu'stion 
of tin* type* of food being eaten max have a din*ct l)earing on this (]U(*stion, 
for if a sheep is .shorn during wann we*ather, when tln're is a tend(*n( y for the 
pasture* to deteriorate, then the sulj)hnr intake may not be suthcie'iit to ni(*et 
the demands of tin* wool follicles to prodine wt)ol to ])rotect the she(*])’s 
skin, and so instead of producing a tnie wool fibre a medullated fibre may 
be produci'd. On the otlu*r hand, if a sheep is shorn during cook‘r weatln*r, 
when then* may be a flush of fresh pasture growth, then the siiljihur intake 
may be sufficient to me(*t the demands for wool growth. 

It is possible, therefore, that there is a (H)nibination of genetic, biologic al, 
and nutritional factors responsible for the production of medullated fibres 
in Romney wool. 

If further work shows that there is a definite correlation betwt*en the 
sulphur content and the spinning projierties of a wool, it will open up a new 
avenue for the improvement of crossbred wool. Bon.sma in his paper^ 
points out that, the sulphur content of wool is probably an inheritable* 
characteristic which may be modified bv certain circumstance^, j^articularly 
feed change. If this be so, th(*n by .selecting towards high .sulphur content 
and by attention to the food of the shee]), it is reasonable to expect that a 
better cla.ss .spinning wool will be produced. 

The author wishes to acknowledge his thanks to the Council of the Wool 
Industries Research Association and to Dr. Barker, Director of Research, 
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26— A PRELIMINARY STUDY ON THE RELATIONSHIP 
BETWEEN CRIMP AND CONTOUR IN WOOL FIBRES 

By S. D. Rossouw, B.Sc. 

( Research Scholar of the South African Wool Board, from the Ondcrstcpoort Laboratoties 

at Fhretona ). 

(From the Wool Industries Research Association ) 

Many phases of the subject of crimp in wool have been studied. Barker 
and Norris (1930) have elaborated a mathematical theory to explain the 
formation of crimp in wool. It is also an established fact that a fair 
relationship exists between the number of crimps per unit length and the 
fineness or quality of a lock of wool. Hartmann and Pabst (Kronacher), 
1930, devised an instrument consisting of a number of toothed plates of 
different pitch for measuring crimp and thus directly deducing fibre fineness. 
Duerden (1929) applies this method on a practical scale in South Africa by 
supplying the wool farmers with plates of different serrations. Hirst and 
King (1926) in their work on mohair kemp, recorded observations of the 
rotation of the major axis of the fibre cross-section corresponding to the 
phase of the crimp. 

Barker and Burgess (1928) and many other workers have pointed out 
the elliptical nature of the wool fibre. Isolated fibres of Chinese sable have 
been examined in the fibre rotator (Barker and Norris) and it was found 
that the contour varies considerably along the length of the fibre, and also 
that the axes of the cross-sectional ellipse do not necessarily lie in the same 
plane at various positions along the fibre length. In the present investigation 
the latter phenomemon has been examined in minute detail for parts of 
fibres which showed very regular crimp, and the results have been correlated 
with details of the crimp. 

Crimp measurements are here based on the number of crimps ])er 10 cms. 
of unstretched fibre. The crimps were first counted in the lock, and the 
number found later confirmed in the isolated fibre. A fibre possessing a 
very even crimp was selected and placed on a velvet board so that its natural 
or unstretched length could be measured. This length was noted. The 
fibre was then placed in the rotator and extended to its natural crimped 
length, as measured, 2 mms. being allowed for the length of fibre held in the 
chucks. The fibre was then washed with benzene by means of a delicate 
brush, examined in detail and the number of crimps checked. The fibre 
rotator was found to be a very useful instrument for studying crimp 
characteristics in great detail, expecially when dealing with fine Merino 
fibres. 

The image of the fibre was reflected, by a 45° prism, on to a sheet of 
millimeter paper on the table, and the distance adjusted to give a 
magnification of 300 diameters. Goodrich acid seal paint No. loii was 
used to mark the crests of the crimp waves; it was found very suitable as 
it did not flow, was quick drying, and left a distinct, opaque mark. The 
paint was applied by means of a single fine bristle whilst the fibre was imder 
a magnification of 300 diameters. It was found that the crest of the wave 
could be marked fairly exactly in this way, the paint usually covering a 
length of only about o*oi cm. along the fibre, or even less. 

After marking, the fibre was stretched in the rotator until nearly straight. 
It was found that most of the crimp disappeared on extension of the fibre, but 
that a slight residual waviness, easily seen on the projected image, was very 
difficult to remove and only disappeared when the fibre was under a distinct 
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tension. As, however, this waviness did not interfere with measurements 
of diameter, its removal was not attempted. Further, the point at which 
the crimp disappeared but the waviness remained, was apparently fairly 
definite, as repeated determinations of this point gave results differing by 
only 3 per cent. 

A lock of Merino .shoulder wool, showing a particularly even and regular 
crimp, was selected. It had about (>3 crimps per 10 cms. Ten fibres were 
selected and examined as described above. Measurements were taken at 
every o-2 cm. along its length. The results are given in 1 'able I. 


Table I 



*A\erage 

fAverage 

1 Percentage 

Fibre No 

ABxJ 

A/B 

Extension 

1 

33-6 

M6 

31 

2 

39-3 

M4 

40 

3 

571 

M6 

40 

4 

39*8 

118 

39 

5 

,38*3 

114 

38 

6 

31-4 

M9 

33 

7 

25-3 

1*20 

24 ‘ 

8 

35*2 

1*22 

37 

9 

140 

M6 

37 

10 

20-9 

M4 

38 


♦ A and B repicscnt tlit» major and minor axes of tlu* cross-.seclion of the clliptically- 
shaped fibre, and the tross-sectional aiea (AB x is expressed tn square centimetres 
X 10-’ 

t 'I his method does not j(i\e a ver\ reliable figure foi the circulariU latio 


The figures in Table I .show clearly that it is impossible to deduce fineness 
of wool fibres from crimp counts when considering single fibres. All these 
fibres had ppproximatcly the same number of crimps j)er unit length and 
vet. according to their (To.ss-.sections, they belong to quality classes ranging 
from 5b*s to over go’s. 

To obtain the cro.s.s-sectional area, the width of tlie image wa.s measured 
at the same jioint through a rotation of 180", at intervals of 30 ', and the 
major and minor axes selected from seven readings. Such determinations 
were made at intervals of 0*2 cm. along tlie length of the fibre, and the 
average cross-sectional area of the whole fibre calculated. In almost aU 
cases these Merino fibres showed a fairly constant cross-sectional area along 
their length. 

The percentage extension, which depended on the type of crimp, gave 
values mostly round about 37 and 40, although in one case it was only 24. 
Further investigation is ncce.ssary before any conclusions can be drawn. 

The next part of the problem to be investigated was the shape of the 
fibre, and the correlation of this with the crimp. For this purpose a fibre* 
was measured at the crest of each crimp wave, being rotated through 180° 
at each of these points and measured at intervals of 30®. The portion of 
the fibre which was measured appeared to have waves which were very 
nearly uniplanar, but the plane gradually rotated through an angle of about 
90®. The results are given in Table II. 


' One of the Wenno fibres ol Table 1. 
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Table II 


ol ('rest 

Position of Vertical 
l*lano of Wave 

Position ol Mmoi 
Axis 


(rotation) 

6 

60 ‘ 

60° 

7 

90“ 

90° 

8 

100 ' 

90° 

9 

120 ^ 

150° 

10 

150“ 

150° 

11 

165" 

150° 

12 

I50‘ 

150° 


To obtain the positions of the minor axis, readings were taken at intervals 
of 30® through a rotation of 180^, and the angle at which the minimum value 
was obtained noted. If two minimum readings wiTe found, the mean of the 
corresponding angles was taken as the position of tht' minor axis, w'hich was 
thus indicated to the nearest 15®, except where the cross-section was 
approximately circular. 

The figures in Table TI .show that, at the crest of the wave, the minor axis 
of the cro.ss-section lay in the same plane as that in which th(' hbn* was crimj)e(i , 
or, in other words, it was apparentlv like a bent ribbon. In order to tinrl 
if this tj’jK? of bending persistt'd thioughout th(‘ fibre its contom was 
investigated more ])recisely. Thus, starting from a wave crest, the fibre 
diameter was measured at intervals of 30 rotation at ev(‘ry 0*025 cm. 
along a few cms. of its k'ngth. Three tilm^s were measun^d in this wav and 
all gav(‘ similar re.sults. A typical series ol m(‘asurem(‘nts is given in 
Table TIT. 

Table III 


Distance from 
1st Crest 
in cms. 

0° 

Width of Image at the following angles — 

30" 60" 90" 120" 150" 

180‘ 

0*000 

85 

85 

80 

80 

□ 

1 80 

80 

85 

0*025 

85 

75 

70 

75 


85 

90 

85 

0*050 

85 

85 

80 

75 



75 

85 

0*075 

65 

75 

90 

90 


85 

70 

65 

0*100 

75 

80 

80 

80 


70 


70 

0*125 

80 

75 

65 

1 65 


75 

80 

80 

01 50 

65 

65 

80 

90 


80 

70 


0*175 

85 

80 

70 

65 


70 

80 

90 

0*200 

80 

75 

70 

75 


80 

85 

80 

0*225 

80 

70 


75 


80 

85 

80 

0*250 

80 

80 

75 

70~ 


70 

80 

The approximate position 

of the minor axis is indicated by the enclosed numerals. 


The figures given in Table III are for a length of fibre containing rathiT 
more than one complete crimp wave. They clearly show ip what extent 
the plane or th(' minor axis of the elliptical cross-section of the fibre is 
rotated in one crimp wave. It apparently follows an oscillatory path between 
certain angles, along the length of the fibre. However, the possibilities of 
conformation of twist other than those which are shown in the table arc 
many. For instance, in the case of the measurements at the points at 
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0*125 0*^50 cm. it is possible that instead of reversing to 180° the 

twist may have continued to, say, ~ 10°. Or again, the twist in the fibre 
may be in the form of a continuous spiral, although it appeals much more 
probable that its orientation oscillates betwe^'ii certain angles.* 

The above results agree well with some uni>ublished data obtained by 
Claassens who also observ(*d this irregularity in the angle and direction of 
twist, and Danforth (1925) also states that human hair shows “twisting of 
the individual hairs on their own axis.'* 



tIow(‘ver, it is (jiiite tleai fioin the results of Table 111 that measurenu‘nts 
at 0*025 cm. intc’rvals aie insufhci(‘nt for establishing the ori(‘iitation of the 
contour ol fine Merino tibn\s Measuiements were therefoie tak(‘n at 
intervals of 0*005 (‘in 'I'he n'siilts are giv<'n in Tabl(‘ TV, where the ]>ositi(>n 
of the minor axis of the cross-sectional aiea is again indic'ated by the enclosed 
numerals. Had it been possibL* to measuie the fibre through a rotation of 
^bo'" instead of only iSo'^ the curve joining th(‘ square would, of ccnirse, 
have be(‘n continuous. 

The longitudinal movemtMit ot the hbie over such distanci's w^as not 
difficult, being accomplished bv J^iving the carriage of the rotator a number 
of slight taps with a pencil while watching the ])roj('cled imag(' of the fibre. 
Movemimts of jo mins, of the image represent a movement of only o*oi cm. 
of the length of the fibre and by utilising small specks of particles of dust 
on the fibre, as landmarks, it was easy to measure a movt^meiit of ^jo mms. of 
the image which cimld thus be adjusted to the nearest millimetre, representing 
.jJ^th part of a millimetre of fibre Icrngth. 
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Table IV 


Position on 


Diameter of Image m mm 
60® 90® 120® 


Fibre in cms. 

0® 

30® 

60® 

90® 

1-240 

90 

95 

90 

75 

1*245 

90 

85 

75 


1*250 

95 

85 1 


70 

1*255 

95 

80 1 

65 

70 

1*260 

85 

80 1 

70 

80 

1*265 

80 

70 

75 

80 

1*270 

80 

70 

75 

80 

1*275 

80 

70 

75 

80 

1*280 

75 

N 

80 

80 

1*285 

70 

1 ^ 

80 

90 

1*290 

70 j 

75 

85 

90 

1*295 

70 

80 

85 

85 

1*300 

75 

85 

90 

85 

1*305 

80 

90 

85 

80 

1*310 

80 

90 

80 

75 

1*315 

80 

90 

80 

75 

1*320 

80 

90 

85 

75 

1*325 

85 

90 

80 

70 

1*330 

85 

90 

80 

70 

1*335 

85 

85 

80 

70 

1*340 

80 

85 

85 

80 

1*345 

70 

80 

85 

80 

1*350 

75 

80 

85 

80 

1*355 

75 

85 

90 

80 

1*360 

75 

85 

90 

85 

1*365 

70 

80 

90 

90 

1*370 

70 

75 

80 

85 

1*375 

65 

70 

80 

80 

1*380 

70 


70 

80 

1*385 

70 

iH 

70 

75 

1*390 

75 

|iil 

70 

80 

1*395 

75 

70 ] 


75 

1*400 

fO 

70 1 


65 

1*405 

85 

75 

60L 

n 60 

1*410 
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85 
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80 
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90 

90 

85 

95 

95 

85 

95 
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90 

85 

90 

85 

80 

90 

85 

75 

90 

80 

80 

85 

80 

75 

85 

80 
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80 
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70 

70 
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75 

80 
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75 
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80 

70 

80 

85 

70 

75 
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70 
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70 

80 

70 
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80 
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80 
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70 

80 

75 

B 
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70 

70 

80 

80 

70 

80 

80 

75 

80 

80 
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These later results throw considerable light upon the actual behaviour 
of the twist. The natural fibre is found to have a gradual twist in one 
direction, progressively increasing to i8o®, and after this the direction of 
the twist is reversed and gradually assumes the value of i8o° in-the opposite 
direction. The fibre used showed uniplanar crimp with very little rotation 
of the plane of the crimp. The length of the fibre represented in the table 
is one wave length of crimp. Figure i illustrates this table, the abscissa 
representing the distance along the fibre and the ordinates the angle of 
rotation. 

It will be noticed that the reversal of the direction of twist coincides 
with the trough of the wave. Further measurements along the fibre showed 
anotlier reversal in the direction of twist, coinciding with the crest of the 
next wave. Another fibre from the same lock was selected and measured 
in the same way, but seven waves were measured instead of one. Before 
stretching to remove undulations, the crests were carefully marked. 

A continuous curve for seven successive waves was plotted for this fibre. 
Although this graph did not show such regular curves as that of the previous 
tibre, the same general inference still persisted throughout the length 
measured. That is, the approximate position of the crests and troughs 
always coincided with a reversal of the direction of twist in the fibre. 

According to Danforth a .similar phenomenon occurs in human hair. He 
states that “generally the twisting consists of a series of half turns so that 
one side of the hair is alternately towards the ol).server and away from him.’* 

The seven parts of the curve described above were then superimposed, 
resulting in the graph given in Figure 2. 



The elementary wave in the second half of this curve is not without 
significance, for all the component curves showed at least a tendency to 
possess .such a wave at approximately the same position. An examination 
of the crimp of this fibre through a lens showed a peculiar “twist" in the 
fibre, a short distance in front of the crests. The trough did not show this, 
as was observed when the fibre was rotated through 180°. 
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The next fibre to be examined was a New Zealand Komney*. A siiita])le 
fibre was selected from a lock showing a particularly even crimp. This 
fibre had 15 crimps per 10 cms. (unstretched length) in the length examined. 
After being cleaned with benzene it was carefully marked at the crests in 
the part to be examined, and subsequently a micro-examination of the 
whole fibre was made while in the rotator. 

Although the crimp appeared to be unij)lanar, a close examination 
showed it to lie along a well defined, narrow longitudinrd strip, the surface 
of a cylinder of about 3 cms. in diameter. Although, however, the gi'iieral 
shaj)e of the crini]) aj)i)eared thus to be a cylindrical strip parallel to the 
axis of the cylinder, in the actual detail it was much mor(‘ complicated. 
Thus examining the libn* from root to tij) as it lies on the concave ‘-urfacc* 
of the cylinder, the wave ai)pears to be of the following shape*. Starting from 
th(* axis of the crimp wave up to the crest it lies on the cylindrical surface; 
hen* it lifts out into the cylinder and gradually mi‘ets tlu* surface again 
about half-w’ay towards the axis, remaining in the surface until it reaches 
the turning point in the trough. It is then bent slightly into the cylinder 
as at the crest, meeting the surfac e* again about half-way towards the axis. 
These* factors are all illustrated in tlu* mode*! in Platt* 1 . 

This finding agrees very well with ont* of the diagrammatic representations 
(ab(»ut joo diameters) of crimptul w^ool fibres, as d(*picted by V\'. von 
Nathasius (i8()0). From tlu* diagram, however, it appears that he did not 
obst*rve anv lotatioii of the axes of the cross-sectional ellipse. 

i'he twast of the j)lane of tht* minor axis of this K()miu*y fibre w’as then 
examined in the saint* way as for the Merino libr(*s. With such a thick fibn* 
it w’as found suflicient to make measurements at intervals of 0*04 cm. The 
shape of the cuive obtained can be set'll in Fig. 3. 

Three ct)ntinuoiLs waves art* reprt*sented in this curve and it will bt* noti*tl 
that they are \^(*rv similar to tho.se previoirsly t)btaim*d for Merino hbres. 
Furtht*r, on stretching, the Romney fibre gave the same })erceiitage extension 
as most of the Mt*rino hbres, viz., jq per cent. A])j)arentl}', therefore, 
bt)th kinds tif fibre exhibit a similar type of crimp. 

In ortler to examine still another kind of tibre, a N.Z. Corriedale woolf 
was cluxsen. The lock showed a tTimp, .similar to, though slightly smaller 
than, the Komney. Measurements were made at intervals of o-oi cm. and 
the re.sults are pre.sented in hdg. 4. As will be .seen, the rotation of the 
ellipse agrees well with that lound for the other fibres examiiu'd. 

In all ca.ses it is clearly sugg(*stcd that a change in the dirt't tion of twist 
in the fibre corresponds with a crest or trough of a crimp w’ave and that 
this periodicity continues throughout tlu* length of the fibre. Danfortlr, 
ill his tr(*ati.se on ‘"Hair,” makes the following important comparablt* 
observations about human hair; that the length of hair that is involved 
in a twi.st may vary from le.ss than a millimetre to .several millimetres, also 
that w^hen these twasts, or half turns, involve onlv a short distance of the 
hair shaft, and esjiecially when two or more twists occur close together, 
the hair tends to change its direction in a way that giv(*s it a peculiar frizzly 
character. It is not surprising, therefore, that with a crinq)ed wool fibre 
these reversals of twist are similarly found to occur close together. 
Apparently this twist has been noted even in the follicle. 

* This was N.Z. Komney Hogget No. i. See Table I ol Norris (lOJi) 

f This was N.Z. Corncdale No j. See Table I of Norris 
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The peculiar behaviour of the twist in a wool as here described, 

is not without signiticaiice. It has been suggested that the Heiilc and 
Huxley layers of the follicle together form the keratinised sheaOi of tlu* 
<ieveloj)ing fibre, this sheath thus functioning as a mould. Accurately to 
determine the shape of the follicle, and to note how it confotms to the shape 
of tlu'so w(Kd fibres suggests itself, therefoie, as tlu‘ m^xt step in tlie inv('sti- 
gation. This, and further histo-chemical studiis, should ultimately reveal 
the mechanism involved in tlie production of crimp and twist in the wool 
fibre. 



SUMMARY 

(r) Some fibres of Merino and Komn<‘V wool have Ikm ii examiiK'd by 
means of the fibre rotator to determiiu* the path followed by the minor 
axis of the cross-sectional ellipse* along the length of the* fibie*. 

(2) It was found that in ordei to define this ])ath at all accurately, it 
was necessary to measure* the* fibre at verv close* intervals along its le’ngth 
(0'e^05 cm. to 0-040 cm ele'peneiing on the lhickne*ss oi the fibre). 

(j) In e*v<*ry ca.se it was found that reversal of the angular rotation 
of the ])lane of the minor axis whieh oscillateel thremgh appioximate'Iy 
iSo°, corrt*spf)nded with a (Test or trough of a crimp wa\'e. 

(4) The* formation of crimp wave's in a Ke)mne*v fibre was examined in 
<le*tail anel a wax model (Plate 1 ) of part of the fibre constructed, which 
shows both the exact form of the crimp waves and the path followed b}" the 
major axis along the fibre* length. 
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27— SOME FURTHER NOTES ON THE PHOTOELECTRIC 
METHOD OF MEASURING YARN LEVELNESS 

By G. R. Stanbury, A.R.C.Sc., B.Sc., F.Inst.P. 

(Wool Jndustnes Kesearch Association) 

Since the publication of the details of the photoelectric yam levelness 
tester in this Journal (Vol. XIX, 1928, T405-T414), a number of improvements 
have been made, which it is thought might be of general interest. The 
instrument has been in almost continuous use for testing and grading all 
types of commercial and experimental yams, and alterations have made it 
adaptable for use with certain types of rovings. 



VOLTAGE ON ELECTROMETER 

Fig. I Relation between Electrometer Deflection and Apjilied Voltage. 


The following is a more complete account of the experimental and 
theoretical justification for using the photoelectric cell-Lindemann electro- 
meter system for the continuous recording of yam diameters. 

(i) The Relationship between the Potential applied to the Electrometer 

Needle and the corresponding Deflection. 

(N.B. — In these and most of the subsequent experiments the circle of 
illumination on the recorder screen stretched from 90 to 210 mm., giving a 
working range of from 100 to 200 mm., i.e. 10 cm.) 

The plate potentials were adjusted so that the needle image was approxi- 
mately in the middle of the field, and by means of a potentiometer in series 

E— TRANSACTIONS 
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with the high resistance R, a small potential was applied to the needle so that 
its image was brought to the loo mm. mark at the beginning of the scale. 
Gradually increasing potentials of opposite sign were then applied to the 
needle until the maximum deflection was reached on the other side of the 
scale, readings being taken at regular intervals. The results are given in 
Table I, and are reproduced graphically in Fig. i. The curve reveals a 
linear relationship between the applied voltage V and the deflection D, show- 
ing that over the small range which is being used, the fleld is quite tmiform. 
The figures give D=i5'8 V. 

Table I 

Plate potentials 4- 20*38 volts 
— 14*55 volts 

Zero with no applied plate potential + 153 mm 
Zero wUh applied potential — 140*5 mm 


V= Needle potential m volts, 
reckoning Zero at 100 mm ... 

0 

0*4 

0-8 

1 

1*2 

1*6 

' 20 

1 

|^2_^l 

1 

2*8 

1 

3*2 

D ^ Deflection in mm 

0 

6*8 

1 

13 

19*8 

1 

26 

1 

1 32 

38 

|44*5| 


V=» Needle potential in volts, 
reckomng Zero at 100 mm ... 

3*6 

4*0 

4*4 

4*8 1 

r "■ 

5*2 

1 .. . 1 

5-6 

6*0 

6*4 

1 

Dss Deflection in mm 

57 

63*2 1 

69*5 

75-8 


' 88 

1 

94*2 

100*8 

— 



Fig 2 . Curve showing Degree of Uniformity of Illumination over the Slit. 
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(2) The Degree of Uniformity of Illumination over the Slit. 

The slit was first of all mounted under a travelling microscope and the 
opening measured for different settings of the micrometer head adjustment, 
the results being recorded in Table II. 

Then starting with the slit fully opened and the cell voltage adjusted to 
give a full scale deflection, the slit was closed by successive double whole 
turns of the micrometer head, and readings were taken of the corresponding 
electrometer deflections. These results are also given in Table II, and are 
reproduced graphically in Fig. 2. The curve reveals the fact that the 
illumination is not quite uniform over the whole area, being more intense in 
the centre and tailing off towards the sides. If, however, the slit is never used 
with an opening greater than about 0-25 cm. (four turns), the relation between 
the deflection and the slit width is sensibly linear, and the illumination can 
then be taken, for all practical purposes, to be uniform over the slit. 


Table II 

Plate potentials +20*38 volts 
— 14*55 volts 


No. of turns on 
micrometer head 

1 

0 

1 

1 

1 

2 1 3 

4 

5 

1 

6 

1 

1 

! ’ 


9 

10 

Slit width m ems ... 

0*362 

0*334 

0-307| 0-279 

1 

0*251 

0*224 

0-196 

0-168 

0*140 

0*113 

0*085 

Deflection m mm ... 

94 

1 

, 82 — 

1 1 

70 

— 

57 

— 

43 

1 

27 


(3) The Relationship between the Amount of Light Transmitted through 

the Slit and the Electrometer Deflection. 

Two aluminium sector discs were moimted in such a way that they could 
be moved coaxially one over the other. The discs were so placed that when 
they were rotating the beam of light falling on the photoelectric cell was 
alternately intercepted and transmitted. It has been shown by Hyde^ that 
the transmission ratio of a disc of this kind, if due precaution be taken to 
avoid stray light, is accurately the same as the ratio of the total angle open 
to the totsd angle closed. By rotating the discs one over the other, various 
ratios of light to dark from 2 to 0*5 could be obtained, and measurements 
were made of the corresponding deflections of the electrometer needle. 
At quite slow speeds there was a complete absence of flicker and for a large 
range of speeds above the minimum, the needle was steady and constant. 
The results obtained were given in the original paper, and they show that 
there is an accurate linear relationship between the amount of light trans- 
mitted and the electrometer deflection over the range used. 

(4) The Magnification of the Lens L^. 

A better lens has been used, and its magnification most conveniently and 
directly measured by mounting stainless steel wires across the metal guides 
in place of the yam and measuring the corresponding electrometer deflections. 
This was repeated a large number of times and with varying slit widths, 
the mean value of the magnification' thus obtained being 2'14. 

THE THEORY OP THE LINDEMANN ELECTROMETER 
PHOTOELECTRIC CELL SYSTEM 

In the original paper describing his electrometer, Lindemann* gives a 
complete account of the practical details of the instrument, and also the theory 
of it as far as steady applied voltages are concerned. The theory is here 
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extended to the case of continuously varying applied potentials such as 
would be produced by the var5dng currents from a photoelectric cell. 

The free period of the electrometer needle in vacuo is about 0*15 seconds, 
and as supplied, air damping is not sufiicient to render the motion of the 
needle aperiodic. Some experiments were therefore undertaken to in- 
vestigate the effect on the maximum deflection of (a) electrical damping and 
(6) rate of application of potential to the needle. 



A small plunger with a flat strip at the end, driven by a crank and con- 
necting rod from the motor used foi pulling the yam through, was arranged 
so as to move to and fro in front of the brass plate B, the slit S being com- 
pletely covered at one end of the stroke and completely uncovered at the 
other end. Referring to Fig. 3, if z is the distance of the point Q from the 
central position at any instant, then 

2=a cos 0 +Vc^—a^ sin® 0— c 
dz a sin 0 • (2:+c) 

Z+C-- a cos 6 

In the experiments c=ri7«8 cm. and a=0‘i5 cm. so that a cos 0 can be 
neglected in comparison with 2+c. Hence 

dz 

~ = - asin0 (approx.), i.e. z^a cos pt 

where p is the angular velocity of the motor spindle. 

The potential V applied to the needle at any instant can therefore be 
represented by 

V=Vo+VoCos/»/ 

Let Cj be the capacity of the electrometer 
Cl be the added capacity 
C=Ci+C* 

R be the series resistance. 

Then if Q is the charge on the condenser C at any time i when the deflec- 
tion is 0. 

R^ + 5-Vo(i+cos^0 

the solution of which is 

zl * 

Q=A^*^c-+-V|,C [i+L cos a)] 

where 

X 


tancc=:^RC and L 


VC*RV>*+i 
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Hence as i increases the charge settles down to the steady oscillation. 
Q=VoC[i+L cos (/>/—«)] 

If the length of the needle is 2/3, the proportion of the charge Q on a small 
element dl of the needle at a distance I from the axis of rotation is 

[t+L cos (pt-a)] 

and the turning moment in a field of strength F, which we have already 
shown to be imiform for small deflections, is 

cos (/>/-«)] /.F. 

*Jo 2^2 

=iMVo[i+L cos {pi—a)i 

r w 

where M= 

2 

The rotation of the needle in the direction of the field induces a charge 
dl 

Cg y-'F. / on each element dl, and the couple to which it gives rise is 
2^2 


r'- dl 

z/Cj •F./.F/.6 
Jo 


“icfty 

The restoring couple due to the torsion of the suspension wire is • 0 

li 

where is the semi-length, r^ the radius, and n the rigdity modulus of the 
wire. 

The effective restoring couple is therefore 




When the terms in the bracket become equal, which happens in the ease 
of the present instrument when there is a plate p.d. of about 56 volts, the 
needle becomes unstable. 

The couple due to air damping may be taken as proportional to the 

angular velocity of the needle, i.e. equal to KO, so that the general equation 

of motion of the needle is 

I6i=MVo[i~L cos (pt-a)]-G 0 -K 0 

K. GO MVor j f.. 
or 0+^6+ j-== cos (/>/--«)] 

I. being the moment of inertia of the needle about its axis of rotation. 

The term in the solution representing the free motion of the needle 

"N 

quickly dies out owing to the heavy damping factor c-* and the needle 
settles down to the steady oscillation given by 

L sin a') 
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where 


tan o'= 


J-P- 


giving a maximum deflection 






K* 


The values of the various constants can be determined approximately 
from the following considerations. 

According to the makers /2==9*5 X cm 

C,=i*3 cm. capacity. 

The distance between the plates is 5 x io“^ cm. so that 
F'/g^Ci ^ 70* X 10 “^^ X 9 * 5 * X 10“^ X 1*3 X 10-*® 

3 """ 9x3 

=r- 2*13 X 10 ”* 
assuming a plate p.d. of 35 volts. 

When the needle becomes unstable at a p.d of F'=56 volts we have 
= 1^2 X 2-13 X IO-* = 5-44 X 10 -* 


and this is equal to 

Hence G=(5-44~2'i3) x 10-* 

=3-31x10“* dyne cms. 

Also, since the free period of the needle in vacuo is 0-15 seconds, we have 


0-15 = j = 176 X 10* 

giving 1=1-88X10’® gm.-cm,* 

The solution for the free motion of the needle with air damping is 

( A cos ^ j - -j, . # + B sin ^ j - • t) 

By a special arrangement of switch for short circuiting the plates, the 
needle could be so arranged to swing from a deflected position to its zero 
position freely, and it was found that the amount by which it swung below 
the zero position was twice the amount it went above next time. This 
measurement was only approximate owing to the quick movement of the 
needle, and no means of rapid photography were available at that time. 

We have then 


K IT 

* /g k£ 

V 1-^41* 


= 0-5 


which gives = 18, i.e. K=3-39XiO’® 
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The largest value of used in the experiments was 15*8. Using the 
values of the constants just deduced, we have 

_ 

= Vi— ^®( i*03 X io‘») 4-/>^(32*3 x io-») 

which even with the maximum value of comes to 0*992 so that to 

the accuracy with which the deflection measurements can be made, this 
factor can be taken as unity and we then have 

or ‘^'^(1 + 

In the scries of experiments recorded in Table III the minimum and maxi- 
mum deflections were measured for three different values of CR. at each 
speed. The three condensers used had capacities of — 

(a) 0-0125 mfds. 

(b) 0-0229 mfds. 

(c) 0-0312 mfds. 

The value of R was found by connecting a standard 0-5 mfd condenser 
in parallel with the electrometer and taking a record on the curve tracer 
of its rate of leak after being charged to a known potential. The potential V 
at any instant is then given by 



O 10 to 10 40 M 


TIME IN SECONDS 


Fig 4 Curve showing Rate of Discharge of Condenser. 
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Readings were taken from the curve of the deflections at five seconds 
intervals and logarithms of the deflections were plotted against time (see 
Fig. 4) . It will be seen that all the points, after the first three, lie on a straight 
line, so that over that region the motion of the needle is a true record of the 
decay in charge on the condenser. 

The straight line can be represented by 
log - 0-0159/+ 176 

, . log ^ 

giving CR=^.^-- = 27-34 

Since C=o-5 mfd, R=54-7 megohms. 

Referring to Table III it will be seen that equation (A) is fully verified. 

X 

The mean value of ^ is 0*0220 and the differences from this are very small 

considering the variability of most of the factors involved in the measure- 
ments, showing that the agreement with the theory is quite satisfactory. 

Table III 

Plate potentials -f- 20*38 volts 
~ 14*55 volts 
Zero leading 106 inni 


Con- 

T 


denser 

in 


used 

secs 

a 

9*36 

0*44 

b 



c 



a 

5 48 

1*304 

b 



c 



a 

318 

3*91 

h 1 
( 



a 

2-50 

6 32 

b 

t 



a 

1 58 

15*8 

b 



L 




Deflections 

Mini- 

Maxi- 

d ma:^ 

mum 

mum 

106 

1 

110*5 

186 

80 

112 5 

184 

78 

114 

, 182 5 

76 5 

112*5 

181 5 , 

1 75*5 

117 

177 


118 S 1 

175 

69 

115 

176 

70 

123 5 

171 1 

1 65 

128 5 

167*5 

61*S 

118 1 

1 173 ! 

67 

126 5 

167 1 

1 61 

131 j 

164 1 

1 58 

125 

169 

63 

132 ; 

162 

' 56 

135 

158 

' 52 


A 1 - 1 - 



VC»K*/>»I 1 

KatlO r 
a 

1 

1 

1 203 1 

1 1*912 

1 0 0239 

1*69 1 

1 1 769 

' 0 0227 

2 28 1 

I 1 662 

1 0 0217 

1 607 1 

1 1 789 

0 0237 

3*03 

1 574 

0 0222 

4 80 

1*456 

0*0211 

2*82 

1*596 

0*0228 

7*13 

1 375 

0 0212 

12 4 

1 284 

1 

()0209 

3*94 

1*504 

0*0225 

10*9 

1*303 

0*0214 

19*4 

1*227 1 

1 

0 0212 

8*35 

1-346 

0 0214 

25*8 

1-197 

0*0214 

47*1 

1-146 

1 0*0220 


I 


THE SELECTION OF THE OPTIMUM CONDITIONS FOR 
PRACTICAL USE 

The question now arises as to the optimum conditions of electrical 
damping and speed of traverse of yam for use in practice. If we asSume for 
the moment that we can allow a 5% variation in the maximum value of the 
difference between the actual diameter of a yam at any poinf , and the mean 
diameter, we must have 
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In practice, periodic variations which exist in yams over shorter lengths 
than I inch are not important. 

A convenient speed of traverse for following the motion of the needle is 

10 

1-5 feet per minute, i.e. 0*3 in. per second, giving ^ and />= 1*885. 

Since R is fixed at 54*7 megohms, the only other adjustable factor is the 
capacity which must therefore have the value 


P _ 0-33 

547x1-885 


-- 0*0032 nifcl. 


PRACTICAL TESTS USING THE OPTIMUM CONDITIONS 

Some doubt was felt as to the accuracy with which the movement of the 
image of the needle across the scale could be followed by hand, and a number 
of records were made to make sure that any record could be reproduced with 
the same stretch of yam. One of these was reproduced in the original 
paper. Fig. 5 is a reproduction of a record of a typical worsted yarn. When 
the first record was made the yarn was marked at each end and was then 
run through again at the same speed and under the same tension, and 
another record obtained on the same chart by a different observer. The 
accuracy with which the two traces agree shows that when sufficient skill 
has been acquired, there is little difficulty in following the movement of the 
needle. 

This difficulty has, however, been entirely overcome by the installation of 
a recording camera in place of the pen recorder. The fluctuations of the 
needle image are focussed by means of a cylindrical lens on to a continuously 
moving strip of photographic paper, the driving mechanism of which is driven 
from the same motor which draws the yarn past the slit, thus ensuring a 
constant relation between the length of the yam and the length of the record. 
A typical photographic record is reproduced in Fig. 6. 

The way in which the peaks and depressions in the curves correspond 
with the variations in levelness of the yam is shown clearly in Fig. 7. This is a 
photograph of a demonstration card on which the actual yam used in making 
the record was mounted above the record itself. ICach of the eight V-shaped 
sections of the yarn correspond to each of the eight main divisions of the 
record. The recorded diameter of any part of the yam can then be found 
by drawing a line perpendicular to the length of the record. It will be seen 
how well the record follows the variations in diameter of the yam along its 
whole length. 

A more accurate test was made by replacing the normal roller used for 
drawing the yam through by another which had a very fine projecting ridge 
running parallel to the axis along the whole of its length. This roller had a 
circumference of 1*19 in. and it was arranged that the ridge could be moistened 
with ink once every revolution, so that a fine mark could be made on the 
yam at everysuccessive 1*19 in. The yam was afterwards conditioned for 
several days in a room kept constant at 70% relative hunydity and 73° F. 
temperature. Successive 1*19 in. were then cut off and weighed on a special 
form of microbalance. Assuming the density of the thread to be constant 
along its length, the diameter at any point will be proportional to the square 
root of the mass per unit length. Hence to show the comparison between 
the two sets of measurements, the square roots of the weights (in micrograms) 
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Fig. 7. Photograph of a Sample of Yarn Mounted above the Corresponding 

Levelness Record. 





WEIGHTS IN MICROCRAHS 
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Fig. 8. Record showing Relation betwe^'n Levelness Curve and Weight per Unit Length Curve. 
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of successive 1-19 in. lengths have been plotted over the record, showing 
the variation in diameter (see Fig. 8). The zero of the readings was made to 
coincide with the zero of the diameter record and the scale was adjusted so 
that the square root of the mean weight (156 micrograms) coincided with the 
mean diameter which had been calculated from the record by measuring 
up the area between the record and the base line with a planimeter and 
dividing by the known length. The whole length of the record, which 
represented 12 feet of yam, was divided up into 121 equal sections of 1*19 in. 
each and the corresponding value of the square root of the weight was plotted 
at the middle of each section and successive points joined up by straight lines. 

The two curves show remarkable agreement considering all the factors 
involved. The diameter ciuve, of course, shows more of a point to point 
variation since it registers the mean diameter of a length of about o*i in. of 
yarn, whereas the weight method averages up 1*19 in. of yam. We would 
expect the latter, therefore, to show smaller variations, and this is certainly 
the case. Moreover, a thick place in a yam is usually accompanied by less 
twist, so that as there are more air spaces in the interior of the yam, its 
density will be less and the corresponding weight will be proportionally less. 
Similarly when the density is above the average, e.g. at a thick place where 
the twist is high, the weight will be proportionally higher. Hence, all the 
way along, we should expect the weight curve to be within the diameter 
curve, and it will be seen that this is so with very few exceptions. 

It is just interesting to note that the values for the mean diameter and 
the mean weight per unit length give a value for the mean density of 0*543. 
The actual density of the wool itself at 70% R.H. is about 1-32 so that actually 
more than half the volume of the yam consists of the air spaces between the 
fibres. 

TESTS OF “STANDARD” YARNS 

Table IV gives the results of some tests on a number of ‘'standard*' 
worsted yams, i.e. yams of good commercial repute. 

Table IV 


Quality 


80'.s 


{ 


70*s 


64 's 


70’s 


Coi 

Specified 

ant 

Measured 
at 70% R.H. 
and 73'’ F. 

Tuins 

per 

inch 

Mean Van 
Mf 

Actual 
in inches 

aiion from 
•an 

1 Percentage 
of Diam. 

Mean 
Diameter 
in inches 

1/70 

69-5 

20-9 

0*00089 

12*6 

0*0070 

2/70 

3S-8 

1 240 

0*00098 

9*4 

0*0104 

1/60 

610 

18*8 

0*00080 

10*1 

0*0079 

2/60 

30-7 

20*5 

0*00091 

7*9 

00115 

1/60 

60-4 

18*8 

0*00091 

10*8 

0*0084 

2/60 

30*0 

20*5 

0*00093 

8*0 

0*0116 

1/48 

49-5 

15*6 

0*00085 

9*8 

0*0087 

2/48 

24-5 

16*0 

0*00076 

6*1 

0*0124 

1/48 

46-4 

15*2 

0*00089 

10*0 

0*0089 

2/38 

33-9 

15*0 

0*00084 

6*5 

0*0130 

1/48 

46-5 

15*2 

0*00089 

10*0 

0*0089 

2/48 

24-4 

15*0 

0*00089 

5;9 • 

0*0130 

1/32 

32-2 ; 

1 10*4 

0*00077 

7*1 

0*0120 

2/32 

16-6 

' 9*5 

0*00085 

4*7 

0*0171 

1/24 

24*5 

8*5 

0*00105 

7*0 

0*0150 

2/24 

12*2 j 

1 7*3 

1 

0*00060 

3*3 

0*0183 
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These are only typical of hundreds, but they arc rather interesting in that 
they show that over a range of counts from 24’s to 70’s worsted, and with 
single and twofold yams, the actual mean variation is the same. This fact 
is masked when the variation is expressed in the usual way,' that is as a 
percentage of tlie mean diameter. This means that the variation in say 
1/48’s yam is not measurably different from that in a 2/48’s. I'he operation 
of folding, however, by increasing the diameter, has reduced the percentage 
variation. The figures also suggest that there is very little advantage from 
the point of view oi levelness of say a 2'48’s over a 1 24’s, both having the 
same actual and percentage variation. 


The author’s thanks are due to Mr. N. Fislibum, who has ably assisted 
with the experimental work. 
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28— THE GEOGRAPHICAL BASIS OF THE IRISH LINEN 

INDUSTRY 

By H. W. Ogden, M.A., B.Sc. 

(Senior Cieography Master, Central High School for Boys, Manchester) 

One of the most prominent features in Irish geography is the position of 
Belfast, not only as the centre of the linen indastry in Ireland, but also as the 
linen metropolis of the world. Diagrams i and 2 shows the general distribution 
of the linen manufacture throughout Europe where regional concentration 



Diagram i 

Distribution of Linen Manufacture in Europe (diameters of circles proportional to the 

number of firms). 


appears in three areas, viz., north-east Ireland, north-east France and 
Belgium, and the districts of Saxony, Silesia, and Czecho-Slovakia about the 
Riesen Gebirgc and Sudetic Mountains. The predominance of north-east 
Ireland is evident both as regards the number of firms engaged in the industry 
and the spindleage of the mills. 


No. OF SPINDLES 

BASE OF RECTANGLES PROPORTIONAL TO THE 
SPINDLES IN lOO^OOOft 

1927 RETURNS. 




Diagram 2 
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The industrial revolution and the commencement of the age of competition 
generally changed old geographical relationships and brought about fresh 
groupings; physical causes operated towards these new arrangements, the 
most powerful of which were the soils of Ireland, the character of its natural 
waters, its type of climate, and the position relative to sources of power. 

A soil map of Europe illustrates the great extent along the sea board of 
the North and the Baltic Seas of a vast area of land of the podzol type. It 
stretches away into Russia and occupies at least two-fifths of that country. 
The term podzol implies a thoroughly washed out soil of rather coarse granular 
structure, varying in its mineral contents according to the nature of the 
underlying rock The south of the podzol belt is richer in humus than the 
north owing to a warmer climate and a richer vegetation; the north is more 
covered with moss lands and beds of peat. Flax growing is localised along the 
podzol in an intermediate position with a slight tendency to the north. 
Diagram 3 illustrates this distribution and indicates a concentration in north- 
east Ireland, Belgium, Esthonia, Latvia, Lithuania, and especially Russia. 
The last named produces the greatest portion of the woild's flax supply and 
yet manufactures comparatively little in factories. 



Diac.kam 3 

Djbtribiition of J hix ( iiltiiie Aiound the Hnltit aikI Nortli Stas 
(One dot 100 dcics, thtec years*' averagt igJ5 27) 


The flax plant docs not grow well on a peaty soil as it cannot produce the 
best fibres, neither has it been able to mamtain a position on the richer 
podzols owing to the competition of other crops and to the tendency to grow 
up soft, and to lack that rigidity which the proper development of the ring of 
strengthening fibres gives it; there is also a possibility for it to become more 
oleaginous than hbrous Its concentration in north-east Ireland can perhaps 
be best explained by a reference to Diagram 4, which indicates the varying 
yields from different types of soils around Selby in Yorkshire In this area a 
considerable amount of flax is grown and a careful record has been kept of the 
yield of fibre per acre and the results plotted on the diagram. Limestone 
^ils give the heaviest returns, and alluvial and clay soils give the next best 
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results. A geological map of Ireland shows the limestone region occupying 
the whole of the central part and most of the south, whilst the north consists 
of a large basaltic plateau in Antrim and ancient metamorphic rocks in Derry 
and Donegal with Silurian grits and shales in Down, Louth, and Meath. 
Although all these rocks yield a soil of the podzol type owing to the heavy 
rainfall of the region fundamental differences seem to persist. The glacial 
soils of the central plain vary from stiff heavy loams to open sands. Like 
most limestone soils they tend to remain as pasture lands and are remarkable 

YIELD OF FIBRE IN CWTS PER ACRE 

LIME 

STONE medium HEAVT 



Diagram 4 

Summary of Yields of Flax Ciops grown on different soils in Yorkshire in the Years 

1928- 1929 


for the sweetness and luxuriance of their vegetation. They are naturally 
good stock raising lands In the south the rich lands, some of limestone 
formation and some derived from the Old Red Sandstone seem to be suited to 
grazing and tillage, and dairy cattle predominate in this region as well as in 
the mixed lands around Sligo. The rearmg of dairy cattle in Cork and Kerry 
has also been aided by the mildness of the winter climate, and thus the soils 
of the south and centre have been turned to the development of other 
branches of husbandry through the growth in demand of the British market 
for provisions; one marked feature of the development has been the increase 
in the number of creameries. This economic departure in the use of the land 
has been contemporaneous with the decay of flax culture in central and 
southern Ireland from 15,129 acres in 1851 to 299 acres in 1926. A similar 
movement seems to have occjirred in north-east France. Prior to 1862 the 
cultivation of flax dominated the basin of the Somme and extended westwards 
into Normandy. The fertile lands of the Oise and Somme bore rich harvests. 
Then came the development of the beetroot and its use in the sugar-making 
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industry; flax was unable as an economic crop to withstand its competition 
for the use of these richer soils. It withdrew northwards from the hard 
waters of the Somme to the soft waters of the Lys, from the rich alluvial lands 
of Picardy to the colder clays of Belgium. Diagram 5 illustrates this move- 
ment and shows the present distribution of the flax industry in the middle 
reaches of the Lys and the development of sugar factories in the Somme basin. 
A parallel movement took place in Russia. The beetroot was introduced 
into the province of Kiev in 1836. Progress was at first slow but by 1881-2 
over 600,000 acres were imder cultivation. Flax culture declined in these 
southern lands and localised itself in the north-west in a region stretching 
eastwards from Leningrad beyond Moscow. To-day flax is the principal 
economic crop of the peasant in northern Russia, the mainstay of the country- 
man in the Lys valley, and the most important of the three marketable crops 
of the Ulster farmer. In Ulster, potatoes, oats, and flax are the crops sold off 
the holding, and the last named constitutes 30% of the total flax used in the 
linen industry of northern Ireland. There *is here a body of about 70,000 
holders with farms of 10 to 100 acres which they cultivate by the help of their 
families, they constitute an important element in the social and economic 
life of agrarian Ulster. 



Diagram 5 

The Distribution of the Linen Industry m the Valley of the Lys, and the Distribution 
of the Beetroot Sugar Industry in the Basin of the Sonime 
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Thus although flax growing has not been able to maintain its position on 
the best lands against the competition of other branches of husbandry in the 
countries selected it has survived as a most important industry on the next 
best soil largely from the fact that the clay regions of northern Ireland and the 
Low countries are areas with abundance of soft waters. On Diagram 6 are 
plotted the available analyses of stream waters in Ireland. The central plain 
and most of the south retufn exceptional degrees of hardness for surface 
flows ranging from 12 to 30; in the north there is no degree of hardness greater 
than 8*5, and the usual amount is between 3 and 4. The relation of hard and 



Diac>ram 6 

soft waters to the linen industry is perhaps most important in the retting of 
flax. Flax retted in dams fiUed with soft water will ret in less time than in 
hard water, and the shorter the time taken in the retting process the less the 
possibility of any deterioration of the fibre. Again in dry, warm weatlier 
retting takes less time than under cold and wet conditions; the temperature 
factor is evidently important. The temperature of Irish retting pools is not 
much above 50° F. in the retting season; this is lower than that of the Thirl- 
mere waters of the Manchester Corporation Waterworks and very much 
below that of the River Lys. The differences are shown on Diagram 6. 
Irish waters are therefore at a disadvantage in this respect and Bel^an flax 
has alwa}^ occupied a strong position in competition with Irish. The River 
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Lys has a further advantage in its exceptionally slow current in which the 
crates containing the flax are immersed. The slow percolation of the river 
water through the jute sacking around these crates seems to bring about by 
natural means that gradual and necessary replacement by fresK water of the 
acid waters produced by the fermentation of the retting process. The modem 
development of a rettery where water heated from 60® to 90® is made to circu- 
late slowly through the immersed flax is overcoming the natural disadvantage 
of Irish waters in respect of temperature. Dew retting is also practised in 
Ireland, but more largely in Russia, especially where humidity of the air and 
the diurnal temperature changes are such as to cause a sufficient frequency 
in the faU of dew. Districts and years vary in this respect to such a marked 
degree that three weeks suffice in some places and five or six in oUuts; the 
longer period causes a marked deterioration of the fibre. The humidity of 
the air in northern Ireland is greater than in south Ireland, and this greater 
humidity is necessary not only for dew retting but also for linen manufacture. 
Actually a greater relative humidity is required for linen than for cotton, and 
the figures for some of the important stations are given on Diagram 8. 



Diagram 7 
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Valentia in south-west Ireland has a relative humidity generally less than 
that of Armagh, a linen centre in the north. The humidity of Ghent and 
Courtrai are not available, but the nearest station, Brussels, has been taken 
as approximate in humidity to the linen region of the Lys valley. AU stations 
have a much greater humidity than Manchester, and it is possible that these 
differences in humidity have had some effect in bringing about the regional 
distribution of linen and cotton. Belfast in the early part of the 19th century 
was a cotton town but changed over to linen. 

RELATIVE HUMIDITY OF*r- 
MANCHESTER. 



The industrial revolution found Ireland short of the main source of power 
— coal. The largest coalfield is around Lough Neagh, but the proximity of 
north-east Ireland to the coalfields of Scotland and Ctunber^nd and the easy 
water communication inland have placed the region in an advantageous 
position for the application of steam power and machinery to the Imen in- 
dustry. The first steam-driven miU was established by John MuUholland in 
Belfast in 1829. By 1838 there were 40 mills and in 1853 the number had 
increased to 80. Concentration of these mills into the north-east region has 
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been a feature of the last 80 years and now the movement is practically com- 
plete. Diagrams 9 and 10 illustrate the distribution not only of the mills but 
also of the processes of scutching, bleaching, and dyeing; the latter are carried 
out in small centres and are a feature of a village or small town. The mills 
bring about the rise of larger towns. Similar results occur in the Lancashire 
cotton industry. Thus northern Ireland by the possession of well-marked 
physical characteristics — a suitable soil, soft waters, a humid atmosphere, 
and proximity to sources of power, has been able to draw to itself one of the 
most ancient and important of the textile industries. 



DiACrRAM 9 


It remains to explain why the industry should centre in Belfast. Diagram 
II shows the north-eastern region pierced by two sea loughs projecting to- 
wards Lough Neagh, the centre of the hydrographic system of the Lagan and 
the Bann, which take their sources in Slieve Croob and the Moume Mountains 
respectively. The lowland region into which they flow is easily canalised and 
through water transport is possible for barges drawing 4 ft. 6 in. by the Lagan 
navigation on the east, the Newry canal to the south, and the Ulster canal to 
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th^west. The rainfall on the Moume is approximately 70 in, annually, and 
being of the cyclonic type a constant supply of water is maintained in the 
rivers. Prior to the introduction of steam these upland streams provided 
the motive force for the early power mills. Some of these still exist and still 
use water power adapted to-day to the turbine. At one end of the through 
waterway is Newry, at the other Belfast, and between them are several 
centres of linen manufacture, one of the most important being Lisburn, the 
adopted home of Louis Crommelin in the latter part of the 17th century and 
still a place noted for its bleach greens. 



Diagram 10 


The Antrim coast generally is devoid of indentations suitable for a modem 
port. The 500 ft. contour runs very close to the coast and is pierced at only 
two places — Lame and Coleraine. There is no easy way from the coast to 
the interior except at Belfast and Carlingford Loughs. Of^these the former 
possesses the more favourable geographical position. Carlingford Lough 
suffers from certain disadvantages; it is at the south end of the industrial 
region and narrows considerably in its upper reaches; it is only 10 ft. deep at 
low tide and the Newry canal, although commenced as early as 1730, has not 
kept up to modem requirements. It is 13 ft. 10 in. deep, but its methods of 
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handling cargo are not up to date. Belfast Lough is in the very centre of the 
industrial region, near to the source of power and at the point where the 
natural routes from Antrim meet those from Armagh and Down. The im- 
provement of the harbour has been adapted to modem requirements and the 
broad valley leading down to it has come to depend for its continued pros- 
perity upon an overseas market. Linen exports form approximately 32% 
of the export trade of northern Ireland. 



Diagram 11 

The Hydrographic Systems of the Barm and T-agan and their relation to Belfast Longh 

and Carhngford Lough. 


In this great valley there is a coincidence of port facilities with the region 
of soft waters and at the same time proximity to power. Thus Belfast is not 
only the great manufacturing centre of the linen industry but also the 
principal market and warehouse for both flax and linen. In this respect the 
linen region of Ireland may be contrasted with the cotton region of Lanca- 
shire. The cotton port of Liverpool is far distaiit from the soft waters of the 
Pennines and the power of the south Lancashire coalfield. Thus the cotton 
region has two centres — the port at Liverpool and the centre of the manu- 
facturing and warehousing at Manchester (see article on “The Geographical 
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Basis of the Lancashire Cotton Industry,” Journal of the Textile Institute, 
Vol. i8, No. II, 1927; or the Journal of the Manchester Geographical Society, 
Vol. 43, 1927). 

Belfast alone dominates the linen industry. As the labour employed in 
the industry is about 75% female, the establishment of other industries for 
male labour, especially shipbuilding, has brought about an economic balance 
for male and female labour so necessary for the preservation of the family 
unit — ^the basis of our social and national life. There has then developed 
during the 19th century at this point a great human community with a large 
civic life which finds expression in its public buildings, its wide and well- 
planned streets, and its University. Here also are great mercantile interests 
represented by the character of &e liners that call there and the volume of 
trade which passes through its docks. Its continued prosperity depends upon 
the prosperity of its hinterland with its linen industry. There is a natural 
background on which economic evolution and economic forces shape the 
development of an industry and the groupings of mankind in towns and cities. 
It is this natural background the writer has attempted to present and explain. 


The author wishes to acknowledge the kindness and assistance of the many 
people who have helped in the collection of the material for this essay, among 
whom are Professor Wilson, of Belfast University, Dr. Fagan, of Dublin, and 
Mr. O'Mahony, F.C S., of Cork, for the data respecting the hardness of waters; 
Mr. Twoomey, of the Department of Agriculture, Irish Free State; The Linen 
Research Institute, Lambeg; Mr. Holme Lewis, City Water Engmeer, Man- 
chester; and especially Mr. Medcalfh, of the Flax Tow Manufacturers Ltd., 
Selby, Yorkshire. 
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29^MEA8UREMENT OF THE VISCOSITY OF SOLUTIONS OF 
CELLULOSE IN CUPRAMMONIUM HYDROXIDE SOLUTION 

A CAPILLARY TUBE VISCOMETER 


By R. W. Kikkead 

(The Linen Industry Research Association). 


For an investigation in this laboratory it was found necessary to have an 
accurate method of measuring the viscosity of solutions of cellulose materials 
in cuprammonium hydroxide solution when the viscosity was comparatively 
low, i.e. when the log. of the viscosity of a 2% solution was below 0*5. 

Two methods of measuring the viscosity of cuprammonium solutions are 
in general use. (1) Measurement of the time of fall of a sphere of known size 
and density through a known depth of solution. (2) Measurement of the time 
of flow of a definite volume of solution through a capillary tube. Tankard 
and Graham^ give a summary of the work previously carried out on the 
viscosity of cuprammonium solutions and have designed a modification of 
the falling sphere method, tabulating log. viscosities as low as 1*12 for a 2% 
solution. 


For the purpose in view none of the methods for measurement described 
in the literature were found to be satisfactory. The falling sphere method 
was first employed using apparatus based on that designed by Gibson, 
Spencer, and McCall,^ and measuring the time of fall through the liquid of 
small steel balls. The time of fall of a inch steel ball through the solutions, 
the viscosities of which were desired, was found to be much too short to be 
measured with the accuracy required. The results obtained were of the same 
order as those tabulated by Tankard and Graham, a time of fall of 5 seconds 
corresponding to a log. viscosity for a 2% solution of approximately i*8. 

(Note — ^The apparatus used was not of the same dimensions as that of 
Tankard and Graham. The tubes were of diameter i*3--i*5 cm. and the time 
of fall was measured through 5 cm. after the ball had fallen through 15 cm. 
of liquid. ' The concordance between the two sets of results should therefore 
not be stressed). A time of fall of 5 seconds was found to be about the lowest 
limit at which the results could be relied upon, for when the time of fall was 
about 2 seconds repeated experiments gave a log. viscosity varying between 
i'i8 and f-6 for a 2% solution, the concentration of the solutions actually 
measured being 2-3 to 2*5 per cent. 

All viscosities in this paper are expressed as the log. viscosity of a 2% 
solution. In the actual measurements more concentrated solutions were 
employed and the log. viscosity for 2% solutions calculated from a formula 
derived from that given by Farrow and Neale* — 


log. ??2=log. riB 


22 (log, yy^-log. ris) 
iiw+(2— w) (log. log. tib) 


where t}B=viscosity of the cuprammonium hydroxide. 

?j^=s:viscosity of fn% solution.' 

2j,=viscosity of 2% solution. 

An Ostwald capillary viscometer gave a value for log. i7B==i‘i5* The possi- 
bility of such large variations as were found when the time of fall was below 
5 seconds made the falling sphere method of measurement quite unsuitable 
for use in the problem under investigation. 
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29 — Measurement of the Viscosity of Solutions of Cellulose in 

Gibson, Spencer, and McCall,* Nakano,* and Clibbens and Geake* have 
designed apparatus for measuring the viscosity depending upon determination 
of the time of flow of the solution through a capillary tube. Gibson, Spencer, 
and McCall first proved the necessity of excluding all air from the apparatus. 
They accomplished this by filling the viscometer with hydrogen, whilst 
Clibbens and Geake eliminated all gas by filling the viscometer entirely with 
the solution. 

Clibbens and Geake's apparatus has the disadvantage that air is admitted 
to the viscometer as the time of flow is being measured so that duplicate 
observations cannot be carried out. In addition, with the procedure of 
Clibbens and Geake, the observed time of flow must be corrected for kinetic 
energy effects. Some experiments were made with Nakano's viscometer, 
which is a modification of the usual form of Ostwald viscometer, air being 
replaced by inert gas. The apparatus has not been found very satisfactory 
in practice as it is somewhat complicated, easily damaged, and very 
difficult to clean thoroughly. 

All the apparatus mentioned was designed for use with cotton and the 
dissolution of the material takes place in the viscometer itself. This pro- 
cedure would not be satisfactory with linen materials which often contain 
considerable quantities of substances insoluble in cuprammonium and so the 
solutions require filtration before estimating the viscosity. 

The viscometer to be described follows the lines of the hydrogen capillary 
viscometer of Gibson, Spencer, and McCall. Any number of determinations 
of the time of flow can be made, corrections for kinetic energy are of little 
importance, and the apparatus is simple, easily cleaned, and can be calibrated 
with a liquid of known viscosity. 

It is proposed in future work to retain the falling sphere method for liquids 
having a log. viscosity of 0*5 or more for a 2% solution and to use the capillary 
tube viscometer where the log. viscosity is below 0*5. The method now to be 
described has the advantage that dissolution of the material takes place apart 
from the viscometer. The method of preparing the solutions and the 
apparatus employed is described in Memoir No. 63.* Whilst this may make 
the procedure as a whole more complicated it is a decided advantage when 
dealing with linen materials as the portion of the linen complex insoluble in 
cuprammonium is of considerable importance and can be filtered off and 
examined. Also such filtration excludes any possibility of the capillaiy 
becoming clogged by solid matter. After some experience a good idea of 
which method of measurement should be employed can be obtained by 
observing the fluidity of the liquid on shaking the vessel in which the solution 
has been made. As the two methods give results in very good agreement the 
possibility of deciding on the method of measurement after the solution has 
been made is of great practical utility. 

With the falling sphere method it was found necessary to use at least a 
2*3% solution of the cellulose material when dealing with a solution of log. 
viscosity below o-o, and even with this comparatively high concentration, in 
some cases a ^ inch steel ball fell through 5 cm. of the liquid too rapidly for 
the time to be measured. Increasing the concentration of the c^ulose would 
increase the time of fall, but with a concentration greater than 3% it is often 
difficult to obtain complete solution within a reasonable time. 

With the tube viscometer method the time of flow through the capillary 
of a 1% solution of a certain material was 57*4 seconds, giving a log. viscosity 
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of I-I5 for a 2% solution. A 2*8% solution of the same material allowed a 
inch steel ball to fall through a depth of 5 cm. in less than z second. When 
the log. viscosity is between 1*5 and 075 the usual time of flow through the 
capillary of a 1% solution is 90-500 seconds. The capillary tube viscometer 
has not been employed for log. viscosities above 1*0 as then the rate of flow is 
very low and the solutions do not give a true viscous flow. The falling 
sphere method is more satisfactory in such cases. 

The results were in good agreement with those obtained from the falling 
sphere method and at low viscosities repeated experiments gave results much 
less erratic than those obtained with the falling sphere. T5rpical results are 
tabulated — 



Falling Sphere 



Tube Viscometer 


Cone, of 

Log. 

Time of 

Cone of 

I-og. 

Time of 

Solution 

Viscosity 

Fall 

Solution 

Viscosity 

Flow 

% 

2% Solution 

Seconds 

% 

2% Solution 

Seconds 

1*89 

0-73 

3*4 

0-96 

0-76 

493 

2*56 

1*77 

3-7 

0*97 

1-81 

134 

3*22 

1-66 

6*5 

097 

1*69 

146 

3-29 

1-25 

1*8 

102 

1-21 

67-4 

— 

... — 

— 

1-04 

5-40 

24-7 


It will be seen that with the capillary tube viscometer the second and third 
results tabulated show a decrease in viscosity with an increase in time of 
flow. This is accounted for by the difference in the instrument constants of 
the two viscometers used. The last set of figures tabulated for the capillary 
tube viscometer show the results obtained for the lowest viscosity measured 
up to the present. It is probable that such a result would require to be 
corrected for the kinetic energy of the flowing solution. This correction 
could be avoided by increasing the concentration of the solution to about 
2 per cent. 

The dimensions of the viscometers in use as shown in the diagram are — 

The reservoir is a specimen jar, 12 cm. high, 3 cm. diameter, 90 c.c. 
capacity, and approximately 50 c.c. of solution is used in each experiment. 
The bore of the side tube D is 07 cm. The capillary is 10 cm. long below the 
lower bulb and i mm. bore. The upper tube is 7 cm. long above the bulb and 
0‘5 cm. diameter. The main bulb is of capacity 10 c.c. between the marks. 
The lower bulb is to assist in preserving the head of the liquid and is approxi- 
mately 1*5 c.c. capacity. All rubber joints are made with pressure tubing. 
To facilitate it being ^ed and emptied the side tube should be as wide as 
possible and the end below the rubber stopper cut off at an angle. The 
volume of the reservoir and side tube should be such that when the viscometer 
is inverted there is more than sufBicient liquid present to fiU the bulb tube and 
side tube. 

The same reservoir is always used with any one bulb to avoid errors due 
to differences in diameter. 

The viscometer is connected at B to a hydrogen supply and a high vacuum 
exhaust pump. The vessel containing the solution of cellulose material in 
cuprammonium is joined to the reservoir at A interposing if necessary a fritted 
glass filter of the coarsest grade obtainable. The hydrogen supply and pump 
are also connected up to the solution vessel at G. The solution vessel has 
had all air replaced by hydrogen during the preparation of the solution. The 
viscometer and filter are exhausted and washed with hydrogen twice through 
B to remove aU air. They are again exhausted and screw clip B closed. Clip 
F on the solution vessel is opened and the viscometer reservoir filled through A, 
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washing the solution through with hydrogen by opening clip G, so filling the 
space in the viscometer above the liquid with hydrogen. Clip A is then closed, 
the viscometer disconnected at A and B and inverted. Pressure on the rubber 
tube ED forces the hydrogen out of the side tube which fills with the solution 
on releasing the pressure and the liquid flows up the bulb tube and fills the 
capillary and bulb. Clip C is then closed, the viscometer brought upright and 
placed in a thermostat. Pressure on the rubber tube between C and D 
removes all the liquid from the side tube up to the clip. Clip C is then opened 
and the solution allowed to flow throiagh the capillary until the level is slightly 
below E. Exact adjustment is not necessary as the volume of the reservoir 
is comparatively large and a slight variation in the height of the solution at E 
will make little difference in the level of the liquid in the reservoir. 

When the solution has come to the standard temperature the capillary is 
adjusted so that the lower end is just below the surface of the liquid in the 
reservoir. It has been found that more constant results are obtained when 
the end of the capillary can just be seen below the lower edge of the meniscus. 
If it is adjusted to touch the surface there appears to be an initial acceleration 
of flow due to surface tension drag which may make a difference of 4 to 5 
seconds in a flow of 60 seconds. It is difiicult to adjust the tube so that this 
effect is the same in every experiment. A slight error in adjustment is of 
less importance when the end of the capillary is fully immersed. After 
adjusting the capillary a slight pressure should be given to the rubber tube 
CE to remove any bubble trapped under the end of the capillary. 

On opening clip C the solution flows through the capillary against the 
back pressure of the rising level in the reservoir and is timed between the 
marks. Inverting and filling the bulb can be repeated as many times as is 
desired. Repeated observations of the time of flow were not found to differ 
by more than i to 2 seconds in a flow of 60 to 200 seconds. The filling of 
the bulb and capillary can be done in less than one minute and, as the quantity 
of liquid present is comparatively large, the drop in temperature due to this 
short time of removal from the thermostat is very slight. At least 5 minutes 
is allowed after replacing the viscometer in the thermostat before making a 
second determination. 

The only part of the viscometer not immersed in the water in the thermo- 
stat is the dip C and a short length of the rubber tube on each side of it and 
during most of the time this part of the tubing is filled only with hydrogen. 

Assuming that the diameter of the reservoir is imiform throughout its 
length the level of the liquid is of no importance and the back pressure against 
the flow through the capillary is independent of the volume of solution 
present. 

The viscometers were calibrated with a solution of cane sugar containing 
40 g. sugar in 100 g. of solution and the instrument constants calculated, 
induding the density of the cellulose-cuprammonium solutions in the con- 
stant. The density was assumed to be that of the cuprammonium^ itself. 

Jidy 1930 
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30— THE DETERMINATION OP SOLUBILITY NUMBER: 

A MICRO-METHOD FOR MEASURING THE EXTENT TO 
WHICH A CELLULOSIG MATERIAL HAS BEEN CHEMICALLY 
MODIFIED OR DEGRADED* 

By C. R. Nodder 

(The Linen Industry Research Association). 

The method described below is based on the experiments of Birtwell, 
Clibbens, and Geake^ on the '‘solubility** of modified cotton cellulose in caustic 
soda solutions under stated conditions. The method adopted, cmplo5dng 
O'l g. of material, has proved extraordinarily valuable as a routine test for the 
examination of defective materials, for control purposes at the bleach-green 
and for purposes of general research. It has been in constant use for two and 
a half years and from the results of some two thousand determinations there 
can be no doubt that it forms a reliable means of measuring the extent to 
which a linen or cotton material has Been degraded by chemical attack; the 
greater the attack the higher the solubility number. The reliability of the 
method is confirmed by the curve obtained by Birtwell, Clibbens, and Geake 
(loc. cit.) relating the “solubility** of modified cotton cellulose materials in 
cold caustic soda solutions to viscosity in cuprammonium solution. A similar 
curve has been obtained with linen materials; this will be discussed in a 
separate paper. 

• DESCRIPTION OF METHOD 

The material to be examined is first boiled for six hours under reflux in a 
2% solution of caustic soda. It is then washed free from alkali and carefully 
dried. This preliminary boil is an essential part of the method, its object 
being to remove non-ceUulosic impurities and cellulose degradation products 
soluble in boiling dilute caustic soda. The material is now cut into fine 
shreds. In the case of a cloth the method recommended by Birtwell, Clibbens 
and Geake is very satisfactory. For example, it is often convenient to cut 
from the cloth about ten strips, each measuring i in. by ^ in., parallel to the 
warp or weft, and to cut very thin shreds (not more than i mm. wide) from 
these at an angle of 45® to warp and weft. The shreds are then broken down 
to a powder between finger and thumb. In the case of a yam short lengths 
(less than i mm.) are cut off from the ends of a small bundle. 

The air-dry powder (exactly o*i g.) is weighed into a test-tube provided 
with a ground-in glass stopper. A convenient size of tube is 5 in. x | in. 
The powder is tapped down into the bottom of the tube and caustic soda 
(10 iV., I c.c.) is added, the drops being distributed as evenly as possible. 
Uniform wetting may be promoted by tapping the tube smartly with the 
finger-tips. If wetting is difficult stirring with a thin glass ipd is desirable. 
As soon as possible the tube is immersed in a water bath maintained at 

* The bulk of the matter included in this paper was published in April 1929 in the 
Linen Industry Research Association Memoirs, Nos. 58 and 59, entitled respectively 
*‘A Micro-Method for the Quantitative Examination of Modified Cellulose'* and "Laundry 
Experiments with Linen Materials." 
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15® €.♦ After 15 minutes distilled water (4 c.c.) is added in order to dilute 
the caustic soda to 2 N. strength. The tube is replaced in the water-bath for 
the further period of one hour and shaken occasionally during that time. For 
filtering the solution from the undissolved residue a small fritted glass filter 
(Schott u. Gen., 30 a G3) is used, this being cut down to within 2 mm. of the 
disc. The filter is attached to the lower end of a 2 c.c. pipette by means of a 
suitable piece of thick-walled rubber tubing and immersed in the contents of 
the tube. The pipette is then filled by gentle suction from the water-pump. 
The filtered solution (2 c.c.) is run into a 100 c.c. flask and to it is added 10 
c.c. of a half-normal solution of potassium dichromate containing 230 c.c. of 
concentrated sulphuric acid per litre. The flask is closed with a glass-pear 
stopper and immersed for one hour in a vigorously boiling water-bath, being 
shaken occasionally. The evaporation from the flask is not so great under 
these conditions as to necessitate the addition of water. After one hour the 
contents of the flask arc cooled and titrated with dccinormal ferrous 
ammonium sulphate, using potassium ferricyanide as an external indicator 
in the usual way. It is not difficult to avoid overshooting the end-point, but 
if this occurs a back-titration with decinormal potassium bichromate may be 
made. The half-normal acid bichromate solution (10 c.c.) is likewise titrated. 
Let a = numlier of c.c. of decinormal ferrous ammonium sulphate required 
by 10 c.c. of the half-normal acid dichromate and h ** number of c c. of deci- 
normal ferrous ammonium sulphate required by the contents of the flask. 

Then solubility number = i*688 (a—b). 

Three or four determinations may readily be made in one morning and three 
or four during the afternoon, the tests being started at intervals of about 15 
minutes. The ferrous ammonium sulphate solution is made up fresh each 
day and the acid half-normal dichromate solution is checked each day against 
it. 

Solubility number as defined above is the percentage of cellulose (calcu- 
lated, not on the original weight of the sample, but on the weight of the 
material in the air-dry state after the preliminary boi] in dilute caustic soda) 
which is dissolved by the caustic soda treatment at 15° C. under the conditions 
stated. The basing of the calculation on the air-dry weight is convenient 
and usually sufficiently accurate for routine control purposes and for the 
examination of defective goods, particularly (as is often the case) when the 
deductions may be based on a comparison of sound and defective materials 
analysed at the same time. In order, however, that a more strictly scientific 
meaning may, where necessary, be attached to the term solubility number 
the proviso is made that in the above definition the o*i g. of air-dry powdered 
material weighed into the test-tube is assumed to contain 7% of moisture. 
Where necessary the actual moisture content of a separate portion of the 
powder is determined and the calculation corrected accordingly. That is to 

say, solubility number = 1*688 (a—b) x — - or where a and b 

have the same significance as above and w== moisture content of the jiowder. 

• Vacuum flasks have been found very satisfactory for water-baths In hot weather 
the temperature of the tap- water may be above 15** C , in which case it may be cooled by 
the addition of ice or by dissolving in it a suitable salt, such as sodium sulphate. If 
sodium thiosulphate is used for this purpose care must be taken to avoid contamination 
of the contents of the tube. 
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The determination of moisture content may be made sufficiently accurately 
on 0*1 g. of the powder, using a very small weighing bottle. With this small 
quantity drying is very rapid. 

PRACTICAL DETAILS 

In the case of heavy or closely woven materials it is desirable to separate 
the warp and weft before giving the preliminary boil in 2% caustic soda, as 
otherwise the boil may not be sufficiently thorough. In extreme cases, 
particularly with grey or lightly bleached heavy materials, two 6-hour boils 
should be given. Proofed or specially finished materials may require 
additional preliminary treatment (for example, solvent extraction). Care 
must, of course, be taken that any such treatment is not such as may cause 
chemical damage to the material. 

The fritted glass filters must be cleaned carefully after each experiment. 
This may be satisfactorily effected by drawing, first, caustic soda solution and 
secondly, distilled water through the filter and then warming for an hour or 
two with sulphuric acid and bichromate cleaning mixture. Instead of the 
30a G3 filter a coarser-grain filter (30a G2) may be used. These give quicker 
filtration without affecting the result of the test. They are not at present 
listed in the maker’s catalogue but may be obtained specially. The finer 
filters are, however, quite satisfactory, and if they are kept well cleaned the 
time required for filtration is rarely more than ten minutes even with materials 
of high solubility number. 

If necessary the quantity of material taken for anal5^is may be reduced 
to less than o*i g. Thus 0*025 g- of a badly damaged material with a solubility 
number of 20 to 30 will give a titration difference (a— 6) of some 3 to 4^ c.c. 
If, before filtering, another 2 c.c. of water are added and 5 c.c. filtered off 
titration differences of 5-8 c.c. are obtained in the same circumstances. If 
this further quantity of water is added a further o*8 c.c. of concentrated 
sulphuric acid should be added to the bichromate mixture. The calculation 
of solubility niunber is of course adjusted to take into accoimt the smaller 
weight of material used and the different proportion of liquor which is filtered 
off. It is possible to obtain useful results even with o*oi g. of material. For 
example, o*oi g. of the powdered material (solubility munber 14*0 by the 
normal method) was covered with 0*3 c.c. of 10 iV. caustic soda which was later 
diluted by the addition of i*2 c.c. water. The solution was filtered off through 
a small glass tube provided with a layer of asbestos into a i c.c. pipette. The 
filtrate (i c.c.) was then treated with 5 c.c. of half-normal acid bichromate. 
The cellulose in the filtrate here corresponds with 0*0067 g. of the original 
powdered material as compared with 0*04 g. in the normal method (i.e. 
one-sixth). 

Titration difference = 1*51 c.c. 

Whence solubility number = 1*51 x i*688 x 6. 

= I5-3- 

It requires very great care to obtain results which are accurate to within 
less than 20% if this very small quantity is employed, but a result of this order 
of accuracy is often all that is required to give valuable information in many 
cases of the investigation of defective material. 
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DISCUSSION OP THE METHOD AND ITS APPLICATIONS 
Duplicate and triplicate determinations made by the normal method 
(emplo3dng o*i g. of the powdered material) were in good agreement, as shown 
by the following results obtained with bleached linen dajngL<;lcs — 


Titration Readings 


Difference 

Solubility No. 


a b 


a — 6 

1*688 (a - b) 


^50*00 ~ 46*03 

... 

3*97 

6*7 

1 50*00 - 45*87 


4*13 

6*98 

2 M 

r 50*00 - 46*78 


3*22 

5*44 

^ 1 

1 49*97 - 46*75 


3*22 

5*44 


’*49*85 - 47*20 


2*65 

4*47 


49*85 ~ 47*30 


2*55 

4*31 

\ 

1 49*85 > 47*30 


2*55 

4*31 

1 

r 49*55 - 45*87 


3*68 

6*21 


49*55 - 45*92 


3*63 

6*13 

1 

1 49*55 - 45*82 


3*73 

6*29 


Blank determinations gave a mean titration difference of 0*05 c.c. which 
would correspond with solubility number of 0*084. A correction by this 
amount can he neglected for most purposes. 

The effect of maintaining the temperature at 20® C. instead of 15® C. during 
the caustic soda treatment was examined in the case of 37 samples ranging 
from 5 to 45 in solubility number. The average ratio for the results obtained 
at 15® C. to those obtained at 20® C. was 116:100. No definite difference in 
the ratio was obtained at different parts of the range examined. Conse- 
quently if it is more convenient, as it may be in hot weather, the caustic soda 
treatment may be conducted at 20° C. and the result corrected by multiplying 
by I*i6. 

The solubility number of flax cellulose prepared by the mildest possible 
treatments has been examined as follows — In one experiment flax fibre ex- 
tracted from flax straw of normal ripeness by purely mechanical means was 
freed from non-fibrous tissue (epidermis, cortex, wood, etc.) by treatment with 
a hot soap solution, followed by thorough washing. After the preliminary 
boil in 2% caustic soda solution the solubility numbers obtained with two 
different qualities of flax were 2*3 and 2*6 respectively. Portions of another 
sample of similarly prepared fibre were boiled once, twice, and three times 
with 2% caustic soda solution for 6 hours each time. The solubility numbers 
obtained were 2*35, 2*03, and 2*26 respectively. It may be supposed that 
the extraction of non-cellulosic impurities (hemicelluloses, etc.) was not quite 
complete in the single boil while in the thrice-boiled material slight chemical 
attack during the boiling processes may have occurred. 

In another experiment a normal grey dry-spim flax yam (4^ lb.) was twice 
boiled for 4 hours with caustic soda solution imder excess pressure (tempera- 
ture 121® C.) in the absence of air, using y^% and 5% of caustic soda on the 
weight of the yam in the first and second boils respectively. After this 
treatment the yam lost 25*2% in weight and had a solubility niunber 
of 2*9. Three other dry-spun yams were twice boiled under excess pressure 
(temperature 121® C.) for 4 hours in caustic soda solution of 5® Tw., losing 
26*3 to 28*5% in weight. After this treatment the solubility numbers were 
2*89, 2*89, and 2*73. 

From the above experiments, bearing in mind that, particularly in the 
case of normal grey yams, boiling with dilute caustic soda solutions does not 
completely remove non-cellulosic impurities and that a slight amount of 
chemical attack probably occurs during the boils, it may be concluded that 
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the normal solubility number of unmodified flax cellulose is certainly not 
greater than 3*0 and probably not greater than 2*0. At the same time it is 
evident that thorough boiling in dilute caustic soda solutions in the absence 
of air raises the solubility number only very slightly, if at all The lowest 
value so far observed is 17, obtained for a very thoroughly boiled Courtrai 
yam. 

That tendering by mechanical means does not increase the solubility 
number to a significant extent was shown by an experiment in which two 
qualities of bleached damask were hammered on an anvil until the material 
was quite rotten, falling to a powder when mbbed between the fingers. The 
solubility numbers were as follows — 

Before hammering After hammering 

1 4*3 ... 4*6 

2 5-9 ... 6-2 

The slight rise may be due to the rather finer state of division of the ten- 
dered material as obtained by cutting into shreds and mbbing between the 
fingers. 

In order to determine whether attack by micro-organisms produces an 
increased solubility number a sample of linen tent duck which had suffered 
considerable diminution in strength owing to such attack was examined. 
The weft threads had lost about 40% in tensile strength and the warp threads 
(after a longer exposure to the attack of micro-organisms) about 60 per cent. 

Solubility Number 
Before attack After attack 

Warp 3*85 ... 3-12 

Weft 3-46 ... 3*88 

It appears therefore that the solubility number (determined of course after 
the preliminary caustic soda boil) is only slightly, if at all, modified by attack 
by micro-organisms, even when a large decrease in strength is produced. This 
is in agreement with the results obtained by Searle* in experiments in which 
the viscosity in cuprammonium solution of materials tendered by attack by 
micro-organisms was determined. Further work is, however, desirable in order 
to determine whether this conclusion is true for attack by micro-organisms of 
all types (for example, iron and sulphur bacteria living alone or in association 
with other forms). 

In examining materials that have been mercerised it should be remem- 
bered that this treatment may have produced a considerable reduction in the 
original solubility number. 

In the case of materials which have become weakened after exposure to 
theTweather (e.g., tent-cloth, awnings, etc.) it is often possible by the solubility 
number test to determine whether the loss in strength was caused by the 
action of light or by the growth of micro-organisms. It is important to bear 
in mind, however, that damage caused by light may be localised in those 
parts of the mfiterial which are near the exposed surface. Consequently in 
the case of a tent duck, for example, a solubility number of say 8*o found for 
the material taken as a whole may mean that in the more eitposed parts the 
solubility number is as high as 30*0, in which case the material would show 
very considerable weakness. 

Numerous experiments have been made in order to determine what solu- 
bility numbers may be regard^ as normal for various types of material at 



a Cellulosic Material has been Chemically Modified or Degraded — N odder T421 

different stages of bleaching. It is not proposed to describe these experi- 
ments in detail in this paper but it may be stated that a linen damask or 
sheeting if carefully bleached to a full white by normal processes has a 
solubility number of about 6*o. A solubility number greatet than 8-o in this 
class of material is highly undesirable from the point of view of resistance to 
wear, while a solubility number greater than io*o must be regarded as indi- 
cating definitely unsatisfactory bleaching. In the case of bleached yams a 
decision as to the maximum desirable solubility number depends on the counts 
and quality of the yam, the stage to which it is bleached, and the nature of the 
treatment it will receive after weaving, as well as on the use for which the 
material is intended. In general it may be said that the normal solubility 
number of a yam of 35's leas bleached to the "three-quarter white" stage may 
be taken as 7*0, although it is possible to bleach yam to this stage with a 
solubility number not greater than 4*0. At a lower stage of bleaching, or 
with finer yam, a lower solubility number is desirable, while with coarser 
yam a somewhat higher solubility number is often permissible. 

An interesting relationship between solubility number and resistance to 
wear was observed in two laundry experiments with bleached damasks. 
Portions of two different webs of linen damask table-napkins, similar but not 
identical in quality, were bleached full-white by normal processes but the 
chemicking treatment was varied in order to produce different degrees of 
chemical attack. After bleaching the various samples were finished by 
normal beetling and calendering processes and cuttings measuring 2 ft. X4 ft. 
were hemmed and repeatedly subjected to typical laundry treatments. The 
samples from the two webs were sent to two different laundries. The loss in 
weight was determined after every 20 washes. The table below shows the 
results — 


Refer- 

ence 

Number 

5 

Solubility 

Number 

1 

SO 6« 1 

1 

1 

a 

Loss in 
Weight 
per cent 
40 Washes 

1 h 

Loss in 
Weight 
per cent 
60 Washes 

1 ..... 1 

c 

Loss in 
Weight 
per cent 
50 Washes 1 

a 

s® *» 

h 

S® »» 

1 

c 

S® « 

2A 

5-4 

2*44 

6-8 

I 81 


2 78 

3-22 

— 

2B 

6-3 

2*65 

7-2 

8*6 


2-72 

3-24 


2C 

7*9 

2-99 

8-3 

9-6 

- 

2-78 

3 21 

- 

2D 

14-9 

419 , 

1 

11*2 

13-8 

— 

2-68 

3-29 


7A 

4-7 

2-27 1 

4-9 

6-9 

10*4 

2-16 

304 

4-58 

7B 

6*8 

2*76 

5-6 

8-8 

12-7 

2*03 

319 

4*60 

7C 

20-2 

4-92 ' 

1 

10*8 

16*1 

22-5 

2-20 

3-28 

1 

4*58 


It will be seen that the loss in weight in repeated washes is roughly 
proportional to the square root of the solubility number, but more nearly 
proportional to S®* Considerable experience with laundry experiments has 
shown that the loss in weight produced in repeated washes is a reliable guide 
as to the wearing qualities of a material. Consequently it appears that 
affords a valuable indication of wearing quality in so far as it is 
affected by the degree of degradation of the cellulose. 

It is proposed to make further investigations along these lines. 

In the case of materials which have been bleached full-white by a normal 
process, involving a thorough scour, the preliminary boil may sometimes be 
dispensed with if an approximate result is required. The possible influence 
of starch or other materials used in finishing must of course be borne in mind. 
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A knr result mil, however, alwa)^ indicate little chemical damage even if 
the boil is omitted, but a high result vrill not in these circumstances necessarily 
indicate extensive chemical damage. 

It has been found that normally bleached full-white linen materials, free 
from dressing or finishing materials, show very little difference in solubility 
number when the preliminary boil is omitted provided that the chemics used 
in bleaching were alkaline;* if, however, acid chemics are used an appreciably 
higher solubility number is usually obtained when the boil is omitted. For 
example — 

Solubility Number 

pK of Chemic With Without 


Acetate buffer 


Phosphate buffer 


Borate buffer 


red) 

Preliminary Boil 

Preliminary Boil 

Difference 

r 3-9-4-0 

3*9 

4*7 

+0*8 

j4-4 ... 

3‘9 

4*6 

+0*7 

1 5-0 ... 

3*8 

4*5 

+0*7 

l5-4 ... 

3*7 

4*6 

+0*9 

f5-7 ... 

42 

5*2 

+ 1*0 


4*9 

5*4 

+0*5 

71-70 

5*6 

5*6 

0*0 

' 7-5-7-4 

5*4 

5*4 

0*0 

80 ... 

4*8 

4*8 

0*0 

18-4-S-2 

4.4 

4*6 

+0*2 

p -8- S-O 

4*9 

4*9 

0*0 

J 8-6 ... 

4*3 

4*3 

0*0 

1 100... 

3-9 

4*0 

+0*1 

Lll-0. 

3*6 

3*7 

+0*1 


In another experiment the following results were obtained — 

Solubility Number 


Pk of Chemic With Without 


(Buffered) 

Preliminary Boil 

Preliminary Boil 

Difference 

" 5*5-60 

5*3 

6*5 

+ 1*2 

6-1-6-3 

5*6 

6*3 

+0-7 

66-6*7 

7*0 

7*0 

0*0 

Phosphate buffer^ 7*1 ... 

7*4 

7*0 

-0*4 

75-7*6 

7*0 

6*8 

-0*2 

8*0 ... 

6*2 

6*3 

+0*1 

8-5-8*3 

6*1 

5*4 

-0*7 

^•6-7*4 

6*4 

6*0 

+0*4 

J 8*5-8*6 

5*2 

5*2 

0*0 

Borate buffer “ 10*0... 

4*6 

4*4 

-0*2 

l.n-0... 

4*6 

4*5 

-0*1 


The importance of the preliminary boil in cases of materials bleached to 
conserve weight, i.e. where hemicelluloses and other non-cellulosic impurities 
are retained on account of the mild scouring treatment employed, is shown 
by the following results obtained with three different materials — 


Solubility Number 
With Without 

Preliminary Boil Preliminary Boil 

1 6-6 ... IM 

2 6-9 ... 11-6 

3 7-1 ... IM 


With partfy bleached yams the difference is still more important. For 
example — ^ 

Solubility Number 
With Without 

Preliminary Boil Preliminary Boil 

1 — Cream yam 3*8 ... 11*0 

2 — |*White3ram 6*0 ... 12*3 

3 — ^White yam (overbleached) 7*8 ... 13»6 
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a Cellulosic Material has been Chemically Modified or Degraded — N odder 

The value of the solubility number test in the investigation of the causes 
of d a ma ge may be illustrated in general terms as follows — 

(1) The test will show in practically every case whether dsgnage or tender- 
ing was due to chemical attack (over-chemicking or other oxidative attack, 
action of acids, action of light, etc.) or to some other cause (i.e. mechanical 
action or attack by micro-organisms). 

(2) In the case of damaged damasks, sheetings, towellings, etc., which 
have been repeatedly laundered a comparison of the solubility number of 
the sewing thread in the hem with that of the cloth will usually decide 
whether any general chemical damage was caused in bleaching or in launder- 
ing. It is nearly always possible to obtain from a sample submitted a suffi- 
cient weight of sewing thread for the determination. 

(3) A comparison of the solubility number of the general cloth (or warp and 
weft separately) with that of the selvedge threads (commonly cotton) will 
often decide whether the yam bleacher or the piece bleacher was responsible 
in cases of the over-bleaching of materials woven from partly bleached yams 
and bleached further in the piece. It is sometimes possible to examine the 
solubility number of dyed cotton threads in coloured woven borders instead 
of that of the selvedge threads. If this is done discretion is necessary in 
interpreting the results as the dye may have an accelerating or retarding effect 
on the action of the chemic. Turkey red appears, however, to have no 
appreciable action in this way. 

CONCLUSION 

The solubility number method affords a simple and reliable means of 
estimating the extent to which a cellulosic material has been degraded by 
chemical attack. 

The cuprammonium viscosity method is considerably more sensitive and 
reliable for indicating the initial stages of attack, that is when the solubility 
number is less than about 5-0 in the case of linen goods (log. viscosity 2% 
solution less than i*o) or less than 2-0 or 3*0 in the case of cotton goods (log. 
viscosity 2% solution l^ss than about 0*5).* 

For general purposes, however, particularly with linen goods, the solubility 
number method is eminently suitable and everything considered, decidedly 
simpler than the viscosity method. When the degree of chemical attack is 
high (solubility number greater than 15-0 with linen goods or greater than 
lO'O with cotton goods) it is more sensitive than the viscosity method. 

It should be emphasised that the preliminary boil with 2% caustic soda 
solution is an essential part of the method. This treatment may cause a 
considerable loss in weight with a badly over-bleached material (removal of 
oxycellulose) or with a material tliat has not been thoroughly scoured, e.g. 
a typical half-white linen yam (removal of hemicelluloses, etc.). The 
solubility number method depends on the estimation of the degree of degrada- 
tion of the cellulose which remains after the preliminary boil. The method 
is, of course, in general, infinitely preferable to the determination of copper 
number as a means of estimating the degree of chemical attack. Copper 
number determinations are often valueless if the material has been treated 

♦ For low and moderate degrees of degradation a linen matenal with the same 
solubihty number as a cotton material shows a considerably higher viscosity. A well- 
bleached cotton matenal usually has a solubihty numbei of between i o and 2*0; a 
solubihty number greater than 5*0 indicates senous chemical attack. 



y oi ti I li fi i i t wi ftMtfiwi tif 

irtHi hot *ft*«««* wg jfitf ffl iB BQbeeqiient to the treatment whidi CMiMd the 
attack or if the bleaching treatment (as in nonnal Hnen yam bleaching) did 
not in^nde a thorough sconr. Thus a bleached linen 3^&ni may have a copper 
number as high as 2*0 although the chemical attack on the cellulose may have 
been very (scdubility number about 3 '®)* Conversely a material woven 
firom partly bleached yams and bleached full-white in the piece may, if the 
yams were over-bleached, show a low copper number (say 0*3) but a high 
sdubility number (say 20*0). 

Apart from its rehability the method has the merits that the quantity 
of material required for a determination is very small and that the apparatus 
and manipulation involved are very simple. 

Most of the estimations on which this paper is based were carried out by 
Dr. R. W. Kinkead and Miss M. H. Preston. Numerous estimations which 
afford evidence for the reliabihty of the method were also made by Mr. 
T. Armstrong and Mr. A. S. Callaghan. 
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CORRIGENDUM 

17— SOME RESULTS OF GROSS -SECTIONAL AREA AND 
CONTOUR MEASUREMENTS OF NEW ZEALAND ROMNEY 
AND GORRIEDALE WOOLS 

By D. J. SiDEY, BAgr., HDD. 

(Wool Industries Research Association) 

An error occurred in the above paper which appeared in the May issue 
of this Journal (T299-T304) and the correction is now published. 

Page T303, Paragraph 2, Lines 7 and 8. The figures under Comedale 
should read 1*199 *®d 1*201 respectively, and not as printed. 
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31— THE FRICTIONAL PROPERTIES OF COTTON MATERIALS 

By John Albert Morrow, A.R.C.S., U.I.C. 

(The Bntish Cotton Industry Research Association) 

I— INTRODUCTION AND SUMMARY 

Most of the previous work on friction has been concerned with the 
measurement of properties likely to be of use to the engineer. A list of 
“coefficients of friction” is usually to be found in an engineering handbook, 
but the values are only approximate, and are intended to serve merelv as 
rough guides to the relative magnitudes. For the engineer, no more is 
required, for the coefficient of friction is important only in bearings, where it 
must be small, and in brake linings, where it should be large. 

The coefficient of friction is defined as the ratio between the force required 
to produce sliding of one surface on another (the tangential force) and the 
force holding the pair of surfaces together (the normal force). Experiments 
on the friction of pairs of hard solid substances have shown that this ratio is 
nearly constant, being independent of the pressure, the area of contact, and 
the rate of relative motion of the surfaces. 

Very little is known about the actual cause of friction, but it is possibly 
due to some form of inter-molecular attraction. Before this friction, which 
IS usually implied in the term “Coefficient of Friction.” can be measured, it is 
nec(*ssarv to have the surfaces under test in a highly polished state. Should 
they not be so, the property that is measured will be a complex mixture of 
the molecular friction, the resistance to tearing, imperfection of elasticity, 
and the extent of irregularity of the surfaces in question, 'fhe simple laws 
of friction, referred to above, then cease to hold, and the measured quantity 
will depend both on the pressure and the area, and may vary in quite a 
complicated way with any change in the surface conditions. 

Probably for this reason very little work has been done on the frictiondl 
1)1 ojierties of textiles. Among the few references that are available may be 
mentioned some by Balls in his book “Studies of Quality in Cotton,” and a 
l)aper on the measurement of yarn friction, by Krumme.® In addition to the 
rarity of .smooth polished surfaces in textiles, the area and the regularity of 
the surfaces are affected by changes in the normal forces. If two cloths, for 
instance, are placed face to face, there will be a certain amount of inter- 
locking of projecting hairs even with no normal force, whilst the area of con- 
tact is not at all definite. The area, however, would be expected to increase 
as the pressure became larger, and consequently the coefficient of friction 
could not be independent of the pressure unless it were also independent of 
the area. 

The result of all these varying factors is to make it impossible to define 
the frictional coefficient as a simple physical constant for any given pair of 
substances. The most that can be done is to measure it under some standard 
E-TRANSACTIONS 
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conditions, and then investigate the effect of all the factors that are likely 
to affect it. Actually, of course, this is the way in which all ph}rsical constants 
are measured, but in practice only those in which atmospheric conditions, 
previous history, etc., are not important are given as constants. An instance 
of the unsatisfactory state of our knowledge of friction is shown by the fact 
that, given the frictions of a pair A and B and another pair B and C, it is not 
possible to predict what will be the value for the pair A and C. 

The coefficient of friction as defined above really includes three different 
quantities — the static, simple kinetic, and viscous frictions. In static friction 
the sliding force that is required to start the motion is measured, and this 
does not involve the speed. Simple kinetic friction is that usually found 
between dry polished solids in motion, and is independent of the speed once 
motion has started. Viscous friction is that most commonly met with in 
fluids, and increases with the first, second, or higher power of the speed, 
usually, however, with the first or second. In textiles all three frictions mav 
be present together, so that the problem of measuring them is very complex. 


TO UPPER GRIP 



TO LOWER GRIP 


Fig I 


In this paper the results of a large number of measurements of hair and 
yam friction are given, together with a suimnary of experiments on cloth 
friction. The paper is divided into three sections dealing with the friction 
of hair upon hair, and of yam and cloth against various surfaces. The 
methods of measurement adopted are necessarily different, and the sections 
have therefore been kept separate. 

As was expected, the friction has been found to be affected by many 
factors — the pressure, the area of contact, the relative speed, and the state 
of the surfaces, the temperature, and the relative humidity. When only the 
first two factors vary there is a general relationship of the form 

F^mP+kA 

between the tangential force F,the area of contact A, and the pressure P. 

The measurement of hair friction has given indications that the coarser 
cottons have a larger friction coefficient, but the results obtained are not 
decisive. As with yam friction, a laige effect due to moisture has been foimd. 
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II— HAIR FRICTION 

Hair friction has an important application in that the preparation and 
properties of a yam may be expected to be largely influenced by it, but its 
measurement presents many diflficulties. The first of these arises from the 
dependence of the friction on the speed and the pressure. Another difficulty 
lies in its dependence on the degree of parallelisation of the hairs. It is, 
therefore, extremely difficult to reproduce a result on different samples of 
the same cotton, and hence it has been found impossible to investigate 
directly the effect of altering the area of contact. 

Balls^ has described a method of measuring hair upon hair friction which 
involves the measurement of the strength of an untwisted roving. The 
method to be described in this paper attempts to define more precisely the 
pressure to which the hairs are subject, and is based upon a method described 
by Adderley.^ 

Experimental Method 

The apparatus used is shown in Fig. i. Two pads of hairs PP enclose 
between them a tuft T. The pads are prepared as described by Adderley, but 
the hairs are fastened at one end only. Tlie tuft is simply a tuft of hairs 
attached at one end to a strip of cardboard by means of “Necol** cement, 
applied only to those parts of the hairs that are not in contact during the 
measurement. 

A spring S, compressed by a screw N. applies a pressure which can be 
determined by measuring the length of the spring between the blocks. A 
rectangular packing piece C is placed behind one of the pads, and the tuft 
is made wider than this packing piece, which therefore determines the area 
of contact of pads and tuft. The whole apparatus is mounted in the grips 
of a single thread tester, the tuft being attached to the upper grip. The 
pads are then driven downwards at a constant rate, and the force necessary 
to withdraw the tuft from the pads is measured. The coefficient of friction 
is then found by the formula \ Force/Pressurc, the factor J being due 
to the fact that the pressure acts on two surfaces of the tuft. 

Results and Discussion 

Experiments with various materials under different pressures have shown 
that the coefficient of friction decreases as the pressure increases, and that the 
relationship between tlie force of extraction and the pressure can be repre- 
sented by a straight line having a positive intercept on the force of extraction 
axis, as shown in Fig. 2. This was found to be usual with hair friction, and 
it may be attributable to the interlocking of hair convolutions. 

The law for hair upon hair friction can be expressed by the equation 

F—mP^-kA 

where F is the force of extraction, P is the normal force, A is the area of 
contact, and m and k are constants. If the simple laws of friction were 
obeyed and the coefficient of friction were independent of the area, k would be 
zero and the constant m would be the coefficient of friction. 

llie resistance of hairs to slipping can therefore be expressed as a force 
proportional to the normal forc^ plus a small force proportional to the area of 
contact. A reasonable interpretation of the factor k is that it represents a 
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cohesion, which may be due to sticking of the waxy surfaces, or more prob- 
ably to the interlocking of the hair convolutions. Consistent with the latter 
supposition is the small value of the force of extraction at zero pressure for 
rayon staple fibre (see Table 1 below); also it is greater with thick or much 
handled pads, and is unaffected by soda-boiling, which causes an increase 
in the coefficient of friction for higher pressures. 



The results of the various scries of observations are summarised in 
Table I, which records for each material the value of the coefficient of friction 
observed at a pressure of 500 g, per sq. cm. and the extrapolated value of the 
force of extraction as the pressure approaches zero, the area of contact being 
maintained constant at i sq. cm. 

Table I 

Coefficients of Friction: Hairs upon Hairs 


Material 

• 

('oelficient of 
Friction 
/< 

Force of F2\1rd( tio 
gm /cm ^ cxtrapolal 
to Zero l*ressure 

Sakel, air dry 70% K.H. 


0*24 

11 

wet .V 

Sea Island, raw 

... ... 

0-32 

19 


0-22 

10 

,, ,, soda-boiled ... 

Texas, raw 


0-27 

• ' 10 


0-24 

23 

„ soda-boiled 


0-26 

20 

Vistra, .staple fibre 

Cotton (Sakel and Slian) 

against leather 

0-30 

0-5 

(roller covering) 

liolh 0*3 approx. 

— 
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Rayon staple iibre has about the same coefficient as cotton under a high 
pressure, but is far more slippery under zero pressure, probably because of 
the absence of convolutions. Scouring of cotton increases the coefficient, 
probably by removing some of the wax, which may act as a lubricant at high 
pressures, ^though at low pressures it may have a gumming effect. A wet 
sample gives a higher value than the same material dr5% which is doubtless 
one of the reasons for the temporary increase of yam strength at high humidi- 
ties. There is an indication that the coarser cottons liave larger values of 
the force of extraction at zero pressure, but the finer differences between 
varieties of raw cotton are obscured by erratic variations, which cannot yet 
be explained or eliminated. The rather cmde loading arrangements of the 
single thread tester are not reaUy suitable for this measurement, and further 
work would be necessary before the finer differences could be detected. 



Fn, 3 


III- YARN FRICTION 

The frictional properties of yam are of inlercst in many textile processes; 
they play an important part in the proper functioning of the sewing machine, 
and they considerably influence the knitting qualities of a yam. The coeffi- 
cient of friction is not directly responsible for the effects observed, however, 
•but is of importance in that it is the main cause in determining the tensions 
in the threads. In the sewing machine, fo ' instance, a safe working tension 
in the thread must not be exceeded, while at the same time a firm stitch must 
be produced. Owing to the large angles through which the thread turns in 
the sewing process very large variations in tension may be caused by changes 
in the surface friction of the yam — changes which may, for example, be 
brought about by variations in the amount of lubrication along the thread. 
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In knitting, the friction is even more important. The spacing of successive 
rows of stitches is decided largely by the tension, and here again the tension 
may vary considerably as a result of changes in the frictional properties of 
the yam. A heavily gassed yam, for instance, may occasionally impossible 
to knit for this reason. In winding it is often important that the tension 
should be neither too large, causing excessive breakages, nor too small, 
allowing weak places to pass on to subsequent processes. If the tension is 
controlled only by friction against guide rods, etc., it is liable to vary consider- 
ably. In this connection attention may be drawn to the higher frictional 
coefGicient of rayon yams, as compared with cotton. The experiments and 
instruments described below were designed mainly to investigate the effects 
on yam friction of various changes in the conditions of measurement. The 
effects of speed, pressure, temperature, and moisture have been investigated, 
and in addition the effects of variations in the surface conditions (polishing, 
etc.), the change of friction consequent on running the yam for a consider- 
able time, and the effect of the radius of curvature of the test surface have 
been examined. 



Experimental Methods 

The first instrument used to measure the friction of yams was an adapta- 
tion of the heavy type of single thread tester, but as this arrangement could 
be used only at low speeds, quite unlike most of those encountered in actual 
practice, it was found necessary to discard it. The second method that was 
tried allows of the yam being run through the apparatus at the usual wind- 
ing speeds. Two spring balances are arranged in the manner shown in Fig 3. 
The surface against which the friction is to be measured forms the four 
rollers. A, B, C, D, which are not free to rotate, so that the yam slips over 
them, and exefts a downward force on the spring balances. Four rollers of the 
required material are necessary in order to avoid the use of pulleys on 
or between the spring balances, which would introduce an unlmown 
amount of friction at their bearings. A preliminary drag (not diown on 
Fig. 3) applies an initial tension to the yam, and this tension must remain 
steady during the measurement. A series of measurements was made with 
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different values of this initial tension, and the values of the spring balance 
readings (corrected for the weights of the rollers) are shown as Sj and S* on 
Fig- 4 - 

It is known from the simple laws of friction that when a bdt slides over a 
cylindrical surface 

where and are the entering and leaving tensions respectively, is the 
angle of contact of belt and clyinder, and fi is the coefficient of friction 



Fig 5 


From this formula it can be shown that, in the arrangement adopted here, 

where Sj and S2 are the corresponding readings on the two spring balances. 
If the simple laws of friction were accurately obeyed the graph obtained by 
plotting Si against Sj would therefore be a straight line passing through the 
origin. The experimental results are plotted in Fig. 4, which shows that these 
laws are very nearly obeyed. 

The apparatus just described suffers from the disadvantage that a very 
steady initial tension must be applied to the yam, and also that four rollers of 
the necessary material are required for each surface against which the friction 
is to be measured. The instrument now to be described avoids these dis- 
advantages, and has been found very convenient in use. 

^ The diagram (Fig, 5) will explain the method of measurement. The 
yam to be tested is passed over a pulley of the required surface 
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material; the pulley is pivoted at a point P away from its centre C, a 
counterweight W being used to bring the centre of gravity of the arrange- 
ment to the position of the pivot. The angle of contact of the yam and 
pulley is fixed at i8o® by means of the two small pulleys A and B. 

Suppose the yam before reaching the apparatus is at a tension T i and 
after leaving it is at a tension The pulley will turn through such an angle 
as will equalise the moments of these two tensions about the pivot. It can 
be shown that when the distance from the eccentric pulley to the small guide 
pulleys is large compared with the diameter of the eccentric pulley the 
position of equilibrium is defined by the equation 

'r rr 6 

i-A^sine 

where 6 is the deflection of the pulley and N is the distance of the pivot 
from the centre, expressed in terms of the radius. From this it follows that 

I -iV\sin 6 

where <f> is the angle of contact of yam and pulley which is here equal to 7t. 

According to the above formula the deflection should depend only upon 
the coefficient of friction, and not upon the value of the tension Ty. In actual 
practice it is found that this deflection is not quite independent of Ti but 
tends to decrease slightly as increases. This indicates an increase in the 
coefficient of friction with decreasing pressure, and resembles the effect 
already observed with hair friction. The effect with yam on metal, however, 
is very small. 

This instrument can also be used to measure static friction. A weight 
is hung on one end of a length of yam which passes over the eccentric pulley, 
and the other end is fixed to a support in such a way that the angle ol 
contact of yarn and pulley is i8o®. If the pointer is then released at a 
high value of 0 it will creep towards the zero and finally come to rest at the 
static friction value. 

At any instant during its motion the value ot indicated is that cor- 
responding to the .speed at which the yam is slipping over the pulley surface, 
the motion being sufficiently slow to make acceleration forces negligible. 
This property has been made use of in the investigation of the effect of speed 
on yam friction. 

If the pointer is replaced by a pulley round which a thread is carried, 
the instrument may be used to actuate a pen, and in conjunction with a 
revolving drum continuous records of friction may be obtained. Some 
examples of such records are shown in Fig. 6. The first two records show 
that the friction of rayon against steel is greater than that of a grey cotton 
yam. This is contrary to what might have been expected, but it has in- 
variably been found for rayon on metal, and is of interest in connection with 
the winding of rayon yams. The remaining records show the effect of 
waxing sewing cottons. It will be seen that waxing appreciably reduces the 
friction, that light waxing appears to impart all the benefit possible, 
and that the waxing may on occasion be very irregular. 

A fourth method of measuring the friction of yam was used in some 
experiments on the effect of temperature and humidity on friction, since 
it was necessary to have an apparatus that could be entirely enclosed in an 
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air-tight box. The method adopted was that described by Krumme.* 
A closed loop of yam is passed over a pulley, and a weight is hung on its 
lower end. When the p^y is rotated the weight is deflected to one side 
by an amoimt that depends only upon the ratio of the tensions in the two 
parts of the yam, this ratio being decided, as mentioned above, by the value 
of fjL, In use the pulley and loop of yam were enclosed in an air-tight box, 
provided with a thermometer and means by which air of known humidity 
could be passed in. The different humidities were obtained by passing the 
air through wash-bottles containing various saturated solutions. 

It must be pointed out that the results obtained from any method of fric- 
tion measurement in which a closed loop of yam is used are not reproducible, 
and the method is therefore available only for the investigation of the effects 
of different treatments on a given piece of yam. If comparisons of different 
kinds of yam are to be made it is essential to use the eccentric pulley tester 
and run the yam through continuous^. 

Results and Discussion 

It has already been mentioned that the frictional properties are of import- 
ance in determining the knitting qualities of a yam. This is illustrated by 
the results of an investigation of the effect of gassing on the friction of 
knitting yams against steel. These results were obtained on the eccentric 
pulley tester, the yam running at a constant speed of 6o yards per minute; 
they are recorded in Table II. Slight gassing does not materiaUy alter the 
friction coefficient, but if the gassing is severe a deposit appears to be formed 
on the yam. Thus if a heavily gassed yam is run over the steel pulley a 
great increase in friction occurs after a short time; this is presumably due to 
the transference of a substance from the surface of the yam to that of the 
steel, for if a short length of ungassed yam is run through the apparatus the 
friction of the heavily gassed yam measured subsequently returns to its low 
value, and again increases to its high value after a short time of running. 

Table 11 

Effect of Friction on Knitting 

Speed for friction tests, approx. 60 yds. per min. 

Times gassed 0 13 6 

Coe£&cient of fnction — At start 0-32 i 0*32 0*33 0*34 

After 100 yds 0-32 0*31 0-34 0-55 

Courses per inch — ^At start 26'3 ' 26*8 26*6 26-8 

After 100 courses 27»2 , 26*5 27-0 33-6 

_ . „l 

The behaviour of the yam on knitting agrees with the friction measure- 
ments. The ungassed and slightly gassed samples show very little difference, 
but the heavily gassed yam shows effects indicating a progressively increasing 
tension. The effect, as with the coefficient of friction, is cumulative, and 
successive courses tend to get closer and closer together. 

The effect of the speed of yam on friction was examined by means of the 
eccentric pulleyapparatus. For very low speeds the method described for 
the measurement of static friction was used; a series of readings was taken as 
the pointer moved towards the static friction value, and a curve of deflection 
against time was plotted from the readings. The velocity of motion at any 
instant was obtained from the slope of this curve at that instant, the diameter 
of the eccentric pulley being known, and hence the relation between the 
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coefficient of friction and the speed was detennined. For higher speeds 
the yam was run through the apparatus at a number of known speeds, and 
the friction reading taken at each. The results are illustrated in Fig. 7. 
which shows that the coefficient of friction increases progressively with the 
speed up to the highest speeds used. 

As the readings at low speeds were taken on a short length of yam, 
whilst at higher speeds the yam was run continuously, the two curves of 
Fig. 7 are not strictly comparable. 



It was observed early in these experiments that a high temperature 
appeared to have quite a large effect in reducing the friction. In order to 
confirm this observation the eccentric pulley apparatus was enclosed in a 
cupboard heated by electric radiator lamps; a closed loop of yarn was fitted 
to the instrument and was driven round by a small clockwork motor. Another 
loop of yam, hung in the enclosure during the experiment, was weighed at 
intervals so that its regain could be determined. As the temperature was 
raised a considerable reduction in the coefficient of friction was observed, 
but as was to be expected the regain also decreased. It was therefore 
necessary to attempt to separate the effects of regain and temperature. 

The effect of varying the regain at constant temperature was first ex- 
amined. A number of cops were dried out in the oven, and water containing 
a wetting agent was added to them to give regains of from 0% up to i5%i 
and they were allowed to stand in closed bottles for some days before testing. 
Each cop was wound from its bottle through the eccentric pulley apparatus 
at a constant temperature of approximately 70° F., and after the friction 
had been measured the remainders of the cops were tested for regain by the 
usual method of weighing, drying, and reweighing. The results are given in 
Table III. 
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Table 111 

Effect of Moisture on the Friction of Yam 

Yarn 20 ’s American twist, against steel. 



Speed approx 65 yds. /min. 

Temp, between 20® and 21° C. 


Regain 

Friction 

Regain 

Fnction 

Regain 

Frfbtion 

% 


0/ 

/o 

ft 

% 


1-6 

•242 

5-1 

•262 

9-6 

•297 

1-8 

•240 

6-2 

•270 

100 

•300 

3-3 

•250 

7-2 

•282 

10-5 

•317 

40 

•255 

80 

•289 

10-5 

•325 

4-2 

•252 

8-6 

•297 

12-3 

•342 


From these results it is evident that the coefficient of friction increases 
considerably with increase in regain. This conclusion is supported by the 
results of another experiment in which Krumme s apparatus was used as 
already described, the humidity being controlled by passing into the box 
containing the apparatus air suitably humidified by means of saturated salt 
solutions; these results are shown in Table IV. They arc, of course, not 
directly comparable with tliosc in Table III, since they were determined on a 
closed loop of yam, but again they show a pronounced increast' in the co- 
efficient of friction with increase of humidity and hence of regain. 

Table IV 

Effect of Relative Humidity on Friction 

Relative Relative Relative 

Humidity Inction Humidity Fnctiou Humidit\ Friction 

% /< % /» % 

0 -265 . . 52 -321 .. 86 •409 

34 -289 70 -334 100 -436 

A third experiment was undertaken to investigate the effect of tempera- 
ture at constant regain, Knunme's apparatus again being used inside a box 
in which the atmospheric conditions could be controlled. The effect of 
temperature on the friction at two conditions of moisture was examined. 
In one of these the atmosphere was kept as dry as possible by supplying the 
box with air dried by pas.sing through concentrated sulphuric acid, whilst 
in the other the air was kept moist by placing in the box a dish containing 
water. With the latter arrangement it was difficult to avoid films of moisture 
on the friction surfaces. Furthermore, the effect of friction in heating the 
yam would cause it to be slightly drier while running. The temperature was 
controlled by varying the current in an electric heater element attached to 
the back of the box, outside it. The results are given in Table V. 

Table V 

Effect of Temperature on Yam Frlctioii 

Yam 20’s American twist. 

Speed approx 140 yds. per mm , Knimme's apparatus. 

Yam Dry Yarn Moist 


1'omp. 

Friction 

Temp. 

Friction 


h 

°C. 


20 

0-34 ' 

19 

0-43 

55 

0-31 1 

50 

0-44 

86 

0*29 

87 

0-33 


1 

91 

0*28 



100 

0-25 
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It is evident from this table that temperature has a much greater effect 
on damp than on dry yam. It will be noticed, however, that the "tempera- 
ture** effect for the moist yam is no greater than the humidity effect shown in 
Table IV, and since the arrangement adopted for keeping the yam moist 
was necessarily cmde, and unlikely to keep the yarn from drying considerably 
at high temperatures, it seems probable that the effect of tcmjxsrature in 
reducing the coefficient of friction can be attributed mainly to its effect in 
drying the yam, though the figures for the dry yam suggest that there may be 
an additional small effect due possibly to the softening of the wax. 

In order to separate the effects of temperature and regain more com- 
pletely it would be necessary to use the eccentric pulley apparatus in an 
enclosure in which the temperature and humidity could be accurately con- 
trolled. In actual mill conditions, however, the relative humidity usually 
decreases as the temperature is raised, so that the yarn friction will decrease. 
This might tend to cause a slight reduction in the number of weaving breaks, 
though the effect would probably be masked by the reduction in yam 
strength consequent on the lessened regain. 

Table VI records some yam frictions measured in the course of this work. 
I^-xcept where otherwise stated these were measured on the eccentric pullt^y 
tester, the yarn being run through continuously at the si)eed given. 

Table VI 

Miscellaneous Yam Frictions 

Initial tension, weight of two banks, wher(‘ver possible. 


Yarn 

Surface 

Spt‘ed 

h'rietion 

~ 

20 's Amfriciiti twist 

... Steel 

60 yds. /min. 

»• > * 

0*25 0-35* 

, 

. « • ,, • • 4 • . . . 4 . 44 . 

0*26t 


• 4 4 ,, 4.4 44. 4.4 44« 

Static 

006, 


... Duraliimiii ... 

140 >d.s./inin. 

approx 

0*26 


... Polished boxwood ... 

ft tit 

0-16 


... ,, ' 

Static 

0*20 

l!0’s-70's AinerKan ... 

... Ring traveller (steel) . . 

15 \ds 'mm. 

0-27J 

-SH’s American twisl 

... (ila.ss, 0-47 cm diam. . . 

150 yds mm 

0-20§ 


0’62 cm diaiii 


0*22§ 

.^O’s’Sckel .!. 

... Duralumin, 0*8 cm fliani. 


0*28§ 

,, 

„ 1*4 cm. diain. 

1 

ft *» 1 

0*27§ 

2 50 MtTcensed knitting 

... Glah.s, 0 02 cm. diam . . 


0-21§ 

,, 0*47 cm. diam 

• t 1 

017§ 


... Steel ... 

II II j 

0-30 

Rayon... 

... Duralumin ... 


0-45 

Sired rayon ... 

.. Wood 

2 - 3 in , mm 1 

0*21 



Static ! 

0*31 

Ravon staple fibre 1 

rnga.ssed ... 

... Steel 

140 yds , imn. 

0*34 • 

(iassed 

... ,, ... ... ... • ■ • 


0*39 

Sewing thread — 

3/50 Unwaxed 

... ,, ... ... 

65 yds /nun. 

0-28 

3 50 Waxed 

... ,, 

II 

016 


♦ Values vary with regain ant! temperature. 

t At 70' 1'. and 70% R.H., (Londitioiis under width all experiments were 
conducted unless otherwise noted 
} Measured on Krumme’s apparatus. 

§ 't hese were obtained by the four-roller meth*>d. 

An interesting result is that the friction of sized rayon against wood. 
The static friction is here found to be considerably higher than the kinetic, 
a result that has never been obtained for the friction against a polished metal. 
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The effect of this is to cause the yam to move over the roller in a series of jerks, 
the maximum and minimum readings being those of the static and kinetic 
frictions respectively, so that the additional tension applied by the friction 
roller is applied with a periodical variation. 

IV— CLOTH FRICTION 

There are difficulties, inherent in the characteristics of the surface of 
cloth, both in the measurement and in the interpretation of cloth friction. 
Suitable methods were developed for measuring the property imder varied 
conditions; these are described below. The figures obtained seem to bear 
little relation to personal judgment of the feel of various fabrics and theii 
state of finish, and the general conclusion from many and varied experiments 
is that resistance to sliding is not readily appreciated, or is overborne in 
personal judgments by other features. As there was little prospect of utilising 
the measurement for technical purposes, systematic experiments were discon- 
tinued, and are briefly described here mainly to support the above not 
unimportant conclusion and to save unnecessary repetition by other workers 

A simple and common method of measuring frictional forces is to tilt an 
inclined plane till a body resting upon it begins to slide. The tangent of the 
critical ‘‘angle of rest" is the coefficient of friction of the two surfaces in 
contact. An instrument was made on this principle, which gives a measure- 
ment of the static friction, but the readings were very erratic, especially m 
measurements of friction between two similar cloth surfaces It was, 
however, possible to measure the slope at which motion just ceased, as the 
inclination was gradually diminished. 

From observations of a cloth sliding on a similar cloth, a relation was 
obtained of the same form as for hair friction 

F^mP-^kA 

In this instrument it was impossible to vary the speed, w^hich was found 
to be an effective factor in yam friction. A new machine was therefore 
made in which the relative motion of the two surfaces is under control, and 
which allows a direct and accurate measure of the tangential force between 
them (see photograph, Fig. 8). A strip of the cloth under test is earned on 


% 





It ( 


*r 



Fig 8 

Kinetic Friction Tester, for cloth 
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the rim of a roller rotated at constant speed. The other friction surface is 
mounted on a block which rests on the roller rim under the desired load. 
Sideways or tangential movement of this block is constrained by a frame- 
work balanced about the same axis as that of the roller. ' The tangential 
force of friction is balanced by weights added to a pan on one side of the 
framework, fine adjustment being attained by a chain on the other side, on 
the principle of the "chainomatic balance.” 

No difficulty was experienced in accurately measuring the force of friction 
between a cloth specimen and any desired surface, over a range of pressure 
and speed, except the difficulty due to variations in that force itself. Many 
experiments were made to find conditions, and particularly a test surface 
that would give results for different surfaces bearing some relation to tech- 
nical or aesthetic value. To avoid the confusion of a mass of figures of little 
individual significance, the experience so gained is summarised in descriptive 
form below. 

A similar piece of cloth being used as test surface, it was found that fabrics 
with irregular surfaces bind on each other and will not slide smoothly. This 
is especially true of ridgy surfaces, a very common feature, as in repps. 1 he 
friction immediately alters the state of the surface, making successive read- 
ings very erratic, and the result is unduly affected by adventitious previous 
treatment, such as folding or rubbing. 

Chrome leather was tried for the test surface as an approximation to skin. 
The same jerky motion was observed to a less extent, also the disturbance 
of the surface by the test. Among fabrics which allowed smooth motion, 
the n*sults were often insensitive to appreciable differences of feel. Significant 
differences could be observed on the same cloth with markedly different 
finish. For instance, the following values of // were obtained. Plain weave 
grey 0*31, bleached 0-30, schreinered 0*26; twill (2/2), bleached 0*31, cold 
calender finish 0*30; five-shaft weft sateen, grey 0 45, bleached and mercerised 
dyed, glazed and schreinered 0-26. 

Against a polished steel surface, the motion was smooth and accurate 
reading was easy, without disturbance* of the surface. All fabrics showed 
very much the same coefficient of friction (0-22). This i;> evidently the true 
molecular friction of cotton against steel and has little bearing on feel. 

On the view that the fine surface irregularities predominate over true 
surface friction in subjective judgment, a test surface was sought which 
would be sensitive to these irregularities. Card clothing — ^with the wire 
pointing backwards — is such a surface which is constant and reproducible 
in character, and causes little disturbance of the surface of the cloth. Friction 
against this test surface proved reproducible, and distinguished sensitively 
between different fabrics. Thus a satin in the grey gave a figure 0-35; after 
a Schreiner finish, 0-20. A finished satin with rayon warp gave t)*29 weft- 
way, 0-19 warp-way. It would be generally agreed that in both cases the 
lower figure corresponded to the smoother surface. On the other hand, 
a soft mercerised finish gave a higher value than a hard finish that felt 
harsher, whilst flannelettes gave values about 0*5, but velveteens 07 or more, 
(kncrally the test is more sensitive to hairiness than to the thready irregu- 
larities that determine the sensation "smooth” or "rough” which it is desired 
to measure. 

To sum up, the measurement with a card clothing test surface may give 
interpretable figures in special cases within a limited range of similar fabrics. 
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The figures obtained on diverse fabrics, however, cannot be related to any 
one feature of technical import. 

It was moreover found that whilst such descriptions as "'smooth,*' 
“harsh," etc., may be applied as a result of handling a fabric, observers were 
very uncertain and divergent in judgment based on softly stroking a fabric 
laid flat on a table, that is, when nothing but sliding friction could be 
appreciated. When that feature is in question, reasonably good means of 
measuring it are available, if the result is interpreted according to the qualita- 
tive character of the surface — whether hairy or hard; but there seems little 
groimd for supposing, even in the latter case, that sliding friction is of import- 
ance in deciding aesthetic value. Cases may occur, however, where it is of 
direct importance for a particular technical purpose. Thus, the vTiting 
surface of tracing cloth should be of a certain roughness to offer due resistance 
to a steel pen-point. After finding the most suitable friction by tests on 
good samples, the test might be used for the control of finishing processes 
and to grade deliveries. 


Jlost of the observations hav(‘ been mad(* by Miss I. Evans. 
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32— SOME TABLES SHOWING THE RELATION BETWEEN 
FIBRE LENGTH AND FIBRE THICKNESS IN VARIOUS WOOLS 

By J. A. Fraser Roberts 

(Wool Industries Research Association) 

I— INTRODUCTION 

Many observations have been made on the relationship between fibre 
length and fibre thickness. For the most part these have consisted in the 
comparison of these quantities in the form of mean figures for different locks 
of wool, for locks of wool from different areas of the body, for locks of wool 
from different sheep, and for locks of wool taken from individuals of different 
breeds. The results have been conflicting, some workers reporting a fairly 
high correlation, while others have stated that they can find little evidence 
of any such connection. There is no doubt that both types of result can be 
obtained, according to the material chosen for study. 

The present work was undertaken with rather a different object in view. 
In a recent paper* I attempted to work out in detail a method for the deter- 
mination of the mean fineness of samples of wool. This consisted essentially 
in the estimation of the number of centimetres of fibre that weighed a milli- 
gram. The method employed seemed to offer the chance of making 
observations on the relationship between fibre length and fibre thickness 
within single locks from a point of view rather different from that of most 
studies previously carried out. If a lock or a sample is taken and the length 
of all the fibres measured, these can be divided into length classes, and the 
mean fineness of the fibres in each length class separately determined. It 
is true that the individual fibre thicknesses are not measured, so that the 
figure for each length class is a mean figure only, but on the other hand this 
method allows one to obtain figures based upon the measurement of relatively 
very large numbers of fibres. The errors involved arc very small. As com- 
plete locks are taken and the length of all fibres measured, and as subsequently 
dll fibres are weighed, there arc no sampling errors. The only errors involved 
arc those of weighing and measuring, together with any errors introduced by 
the occasional breakage of fibres, and by any failure to divide off the lock 
completely and cleanly from the surroimding wool. These are all errors of 
determination, and with care can be reduced to comparatively small limits. 

It will be recalled that in the paper on the measurement of fineness it was 
shown that it was possible to find locks included in the same comparatively 
small sample which possessed very different mean finenesses and lengths, and 
that in fact the difference in mean fineness occasionally found in the case of 
almost adjacent locks may be much greater than the difference in mean 
fineness between large and representative samples taken from quite different 
areas of the body. Serious doubt is raised as to how far Ihc sorting of wool 
prior to manufacture does really depend upon mean fineness. Briefly, there- 
fore, the present work arose out of an attempt to analyse these differences a 
little further. How far do fibres of the same length have the same thickness 
in nearly adjacent locks of very different nlean thickness ? Is it not possible 
that the characteristic fineness-in-relation-to-length is an important attribute 
of wool ? 

•Roberts, J. A. Fraser. "Meece Analysis for Biological and Agricultural Purposes 
I— -The Average Fineness of a Sample of Wool.'" J. Text. Inst , v. 21 , pp. T127- 
T164, 1930 
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The results recorded in this paper supply only a partial answer to these 
questions, but nevertheless they are suggestive. It will also be seen that 
during the course of the work other considerations emerged, quite apart from 
the original purpose in mind when the work was undertaken, and that in fact 
the figures for various wools can be used for a variety of purposes. For this 
reason it may possibly be useful to other workers to have recorded some of 
the original observations, and I can only express the hope that the tables 
may be used by those investigating length and thickness in wool to supple- 
ment their own studies 

II- METHODS 

Samples were selected and prepared for analysis by washings with warm 
benzene and distilled water, precisely as was described in the previous paper 
Fibres were measured to the nearest half -centimetre, and accordingly a num- 
ber of marked Petri dishes were laid out. Each fibre after measurement was 
placed in its appropriate dish. It was decided to use centimetre length 
groups, although the results of the measurements were recorded to the nearest 
half-centimetre. Accordingly, when the sample was finished the contents of 
the pairs of Petri dishes were rolled up together, rewashed, and the dry weight 
of each length group fraction determined as described in the previous paper. 

The errors involved in this method are undoubtedly very small. Great care 
must be taken to separate off a complete lock of wool without breaking more 
than a very few fibres, and without pulling out an undue proportion from base 
or tip during the separation, but these are controllable errors. Breakage will 
inevitably occur, though again care in manip\ilation should reduce the amount 
to narrow limits. The effect of breakage is to increase the last group, which 
consists of very short fibres. It will also tend to affect all the groups slightly 
and in the same direction. The errors of length determination and errors of 
weighing should be small, though the weight of each fraction is the important 
limiting factor. Unless relatively enormous numbers of fibres are measured 
some groups will not contain very many fibres. An arbitrary limit of 4 mg. 
dry weight (corresponding to about 4*6 mg. as weighed in air) was chosen as 
the smaUest weight to which significance could be attached. Figures based on 
smaller weights than this are shown in brackets in the tables. All these errors 
are errors of determination. There are no sampling errors, as aU the fibres 
are measured and weighed, and as the purpose of the determination is to 
compare the fibres within the single lock. 

The results have been calculated in terms of fineness stated as centimetres 
per milligram. This measure is inversely proportional to cross-sectional area. 
As in addition the lengths are determinate the figures given are inversely pro- 
portional to mean fibre weight. 

Ill— THE VARIABILITY OF THICKNESS WITHIN A SINGLE 
LENGTH GROUP 

The figure for the thickness of a single length group is an average figure 
only, and during analj^is considerable differences between fibres of the 
same length can readily be perceived by eye. A rough estimate of this 
variability was obtained as follows — 

A number of fibres of the same length were taken f/om a sample of the 
Border Leicester shoulder wool to which several of the tables refer. Using 
Tippett's* numbers a random sample was drawn and weighed. This randoir 

♦ Tippett. L H. C. '"Random Sampling Numbers.*' Tracts for Computers, Cambridge 
University Press, London, 1927. 
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sample was then returned to the main group and a second drawing made, until 
the same number of fibres was withdrawn. The second lot was then weighed 
and the process repeated until a number of weighings for the same number of 
fibres had been obtained. The standard error of the weight per fibre was 
calculated and from this it was possible to obtain an estimate of the standard 
deviation of fibre weight for that particular length group (bearing in mind 
that the population was a finite one and using the full formula for the standard 
deviation). 

The results were as follows — 

length Coefficient of Variability 

cm. of Fibre Weight 

^ 23-7— 23-3 +12*3 

^ 23*2- 22-8 fl4-5 

22*7- 22-3 -A 20-5 

21-7—20-8 120-7 

It wiU be seen that except in the last instance half-centimetre length groups 
were used. The variability is very considerable, although as the longer 
length groups were selected it might be expected that the variability in these 
would be greater than in the case of the shorter length groups. It is clear that 
although over the greater portion of the curves there is a steady increase of 
thickness with each centimetre increase in length, this is a mean figure only, 
and that if the tliickiiesses of individual fibres were measured it would be 
foimd that the curves for successive length groups w'ould overlap for the 
greater portion of their area. It will be noted that as the length is constant 
(within the small limits of the length group) the figures refer not only to weight 
per fibre but also to fibre thickness. 

Further observations were made to determine how far weight per fibre 
varied in a complete lock of wool, in order to compare this variability with 
the variability for single length groups. The same Border Leicester sample 
was taken and fibres were withdrawn and placed in order in twenty Petri 
dishes until the sample was finished. The excess over twenty was omitted, 
so that each Petri dish at the end of the analysis contained the same number 
of fibres. The contents of the Petri dishes were weighed, and in the same way 
from the standard error was calculated an estimate of the standard deviation 
of fibre weight. 

The resxilts were as follows — Coefficient of 

Variability of 
l^ibre Weight 

Single lock 

Zoned sample. From 80 grams. 32 zones *4-27-8 

±34-9 

The variability of fibre weight, therefore, within a single length group is 
very considerable as compared with the variability of fibre weight for com- 
plete locks of wool. 

A Merino sample taken from the .same shoulder sample as that referred to 
in Table XVI was treated in the same way, and the coefficient of variability 
of fibre weight was found to be ±34-1. 

IV — ^THE GENERAL RELATION OF THICKNESS TO LENGTH 

The figures for the mean fineness of the length groups, as shown in the 
tables for various wools, show a marked difference between successive centi- 
metre length groups. The regularity of the curves over the greater portion 
of their length is striking. A few of the results are incorporated in the series 
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of curves. It will be noted how closely parallel some of the curves are, 
althou^ they refer to entirely different wools, for example, the Australian 
Crossbred 50’s and the Cape Merino 64’s. 

A feature of many wools is that the shorter length groups tend to show 
increased thickness, while the shortest of all show once again increased fine- 
ness. This feature is very well shown in the curves relating to the Border 
Leicester shoulder, Shropshire, and the Welsh Mountain, and it appears to be 
typical for a great many wools. The cause of this phenomenon is rather 
obscure. It might be accounted for by a proportion of fibres that grow to a 
certain length and then show very little increase, or conversely it might be due 
to the presence of fibres which started their growth late. On the other hand 
it might simply be an indication of the fact that more than one fibre type is 
present. This hyi)othesis is made more likely by the fact that the distribu- 
tion of fibre lengths is quite commonly bimodal or trimodal. 

In a recent paper* my colleagues Miss Norris and Mr. van Rensburg 
showed that the number of crimps per fibre was in general independent of 
fibre length. Some of their observations were made on the same fibres that 
are included in the present study. It is most interesting to note that those 
shorter length groups which show increased thickness, giving a pronounced 
kink in the curve, are also anomalous as regards their crimp number. For 
these length groups the average crimp number is less than for the other 
groups. 

V— THICKNESS-IN-RELATION-TO-LENGTH AS A CHARACTERISTIC 
OF POSSIBLE IMPORTANCE 

The original purpose in mind when this study was undertaken was to see 
whether in neighbouring locks of widely differing mean finenesses fibres of the 
same length might not have the same thickness, while in samples taken from 
different parts of the body there might be a considerable difference in this 
respect, although the mean lock finenesses might not be so very different. In 
the case of the Border Leicester sample to which frequent reference has been 
made, it does appear that the differences between length groups from coarse 
and fine locks arc far less than the difference in their total mean fineness. 
For example, in Table XXI, if lock i and lock 3 are compared, it will be seen 
that the comparable length groups have very much the same fineness, while 
the mean finenesses are 80 and 93 cm. per mg. respectively, a very considerable 
difference. On the other hand, in certain cases locks with very much the 
same mean fineness may show large differences between the finenesses of 
comparable length groups. This is shown very well in Table XXIII, where 
two locks from a Welsh Mountain shoulder sample have mean finenesses of 
117 and 121 cm. per mg. respectively, but fibres of 17 cm. length have a fine- 
ness m the one ca.se of 86 cm. per mg., in the other 137. 

As regards samples taken from different areas of the body, m Table XXI 
is shown a sample from the rump of the sheep (lock 5). Its mean fineness — 
69 cm. per mg. — does not differ quite so widely from lock 2, with a fineness of 
79 cm. per mg., as does lock 2 from lock 3, both of which are taken from the 
shoulder. But whereas the differences in the case of corresponding length 
groups between lock 2 and lock 3 are quite small, the individual length groups 
differ very sharply in the case of both these samples from the fineness of the 

• Noiris, M. H., and van Rensburg, P J J. '*Cnmp m Wool as a Penodic Function 
of Tfmr " J Tart. Inst , v. 21 , pp T48 i-T498, 1930. 
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length groups of the rump sample. In this case it is perfectly true that the 
fineness of individual length groups is a far better index of a difierence as it 
would appear to the sorter than is the simple figure for mean fineness. The 
same remarks apply to the difference between the Lincoln rump sample shown 
in Table XXVI and the other samples shown in the same tabic, taken from 
the shoidder and side of the same sheep. 

Is it not possible, therefore, that mean fineness alone may be a rather poor 
indication of what the sorter is doing when ho sorts a fleece ? In the case of 
the Border Leicester shoulder sample all these locks would undoubtedly be 
included in the same sort, although their individual mean finenesses differ 
widely, but fibres of the same length tend to have approximately the same 
thickness in these various locks, so that in a sense when they are mixed it is 
not really a case of mixing quite different fibres. It is merely a case of mixing 
fibres of more or less the same kind, which are occurring in different propor- 
tions. On the other hand, if shoulder and britch locks are measured, fibres 
of the same length have very different mean finenesses, a difference that may 
he only poorly reflected in the mean finenesses for the complete locks. 

VI— VARIABILITY WITHIN VERY SMALL LOCKS 

Once again the analyses show that almost maximum variability in fibre 
characteristics is to be found within very small locks of only a few hundred 
fibres. This undoubtedly means that fibres of different characteristics are 
very well mixed on the skin. The figures quoted in the text above show that 
there is no reason to suppose that the coefficient of variability of fibre weight, 
as estimated from a single small lock, differs appreciably from the coefficient 
calculated from a zoned sample taken from a relatively large mass of wool. 
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VIII— SUMMARY 

(1) A number of samples of various kinds of wool were separated out into 
centimetre length groups and the fineness of each centimetre length group 
separately determined. 

(2) Tables showing the relation between length and fineness in the lock are 
given. 

(3) Observations are included on the results and the possible importance 
of the characteristic thickness-in-relation-to-length is noted. 


A number of the wools examined were subsequently used by Miss 
M. H. Norris and Mr. P. J. J. van Rensburg for their observations on 
crimp, recorded in the Journal of the Textile Institute, v. 21 , pp. T481- 
T498, 1930. In the case of measurements which refer to the same fibres 
a reference is given in each case to the corresponding table in their paper. 

Figures in brackets refer to measurements based on dry weights of less 
than 4 milligrams. 
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Table 1 


Border Leicester . Shoulder A4 . 

Single Lock. 

Mean Fineness 80 cm. ner i 


Mean Length 19-4 

cm. 



Length 

L'requency 


Dry Weight 


h'incDCSs 

cm. 

Fibres 



mg. 


cm. per mg. 

28-25 

27-25 

1 

11 

} 


6-0 


55 

26-25 

31 



13-8 


59 

25-25 

84 



33-8 


62 

24-25 

168 



62-7 


65 

23-25 

219 



76-8 


66 

22-25 

206 



62-6 


73 

21-25 

224 



60-2 


79 

20-25 

223 



52-9 


85 

19-25 

236 



47-3 


96 

18-25 

209 



37-3 


108 

17-25 

149 



24-0 


107 

16-25 

89 



1.3-6 


107 

15-25 

51 



7-8 


99 

14-25 

37 



4-9 


108 

13-25 

22 



(2-9) 


(102) 

12-25 

26 



(3-1) 


(103) 

11-25 

25 



(3-4 


(83) 

10-25 

33 



(3-7) 


(92) 

Less than 9-75 







and broken 

109 



6-6 


108 


2,153 








Tabic 

11 




Border Leicester . Shoulder B3 . 

Single Lock. 

Mean Fineness 79 cm. per r 


Mean Length 

195 

cm. 



Length 

Freqnenev 


Dry Weight 


Fineness 

cm. 

Fibres 



mg. 


cm. per mg. 

26-25 

4 



(1*4) 


(73) 

25-25 

19 



8-0 


59 

24-25 

52 



20-1 


62 

23-25 

133 



47-9 


64 

22-25 

145 



47-7 


68 

21-25 

143 



42-4 


72 

20-25 

168 



43-2 


79 

19-25 

172 



38-7 


85 

18-25 

154 



28-6 


98 

17-25 

103 



17-3 


103 

16-25 

48 



7-4 


106 

15-25 

36 



5-6 


99 

14-25 

26 

1 





13-25 

21 






12-25 

10 



8-7 


100 

11-2S 

5 






10-25 

4 

j 





Less than 9-75 







and broken 

37 



(2-3) 


(92) 


1,280 







Table III 


Border Leicester. Shoulder D4. 

Single Lock . Mean Fineness 93 cm . per r 


Mean Length 15*8 cm. 


l.cngth 

Fremiency 


Dry Weight 

I'incness 

cm. 

Filjres " 


mg. 

('III. per mg. 

26-25 

25-25 

24-25 

1 

2 

12 

1 

1 

20-3 

73 

23-25 

48 

1 


76 

22-25 

159 


46-1 

21-25 

242 


65-0 

79 

20-25 

219 


52-3 

85 

19-25 

176 


37-4 

90 

18-25 

198 


36 5 

99 

17-25 

185 


29-3 

109 

16-25 

147 


20-9 

115 

15-25 

104 


14-1 

112 

14-25 

92 


12-4 

106 

13-25 

86 


12-5 

91 

12-25 

131 


16-9 

95 

11-25 

117 


13-5 

97 

10-25 

86 


8-1 

109 

Less than 9-75 



15-8 

135 

and broken 

.343 



2,348 
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Table IV 

Border Leicester. Shoulder Sample. Square 16 cm. side. Zoned Samples. 
32 Zones. Mean Fineness 81 cm. per mg. Mean Length 19 3 cm. 


Length 

cm. 


Frequency 

Fibres 


Dry Weight 
mg. 


Fineness 
cm. per mg 

27*25 


4 

\ 

7*7 


62 

26*25 


14 

} 


25*25 


43 


18*4 


59 

24*25 


75 


28*3 


64 

23*25 


146 


50*0 


68 

22*25 


183 


57*9 


70 

21*25 


208 


57*0 


78 

20*25 


199 


48*7 


83 

19*25 


195 


41*0 


91 

18*25 


167 


31*7 


96 

17*25 


159 


26*5 


104 

16*25 


86 


13*6 


103 

15*25 


78 


11*0 


108 

14*25 


49 

\ 




13*25 


35 





12*25 


23 

\ 

16*7 


103 

11*25 


20 

( 




10*25 


4 

J 




I^s than 9*75 







and brokoii 


45 


(3*3) 


(83) 



1,733 






Table V 


Border Leicester. Rump. Mean Fineness 69 cm. per mg. 
Mean Length 17-8 cm. 


Length 


Fri*queucy 


Dry Weight 

hineness 

cm. 


Fibres 


mg. 

cm. per mg 

27*25 


3 

1 



26*25 


1 


4*4 

59 

25*25 


6 

1 



24*25 


16 


6*8 

57 

23*25 


33 


13*6 

56 

22*25 


75 


28*7 

58 

21*25 


96 


34*7 

59 

20*25 


94 


29*9 

64 

19*25 


105 


30*0 

67 

18*25 


79 


19*6 

73 

17*25 


66 


15*1 

75 

16*25 


73 


16*1 

74 

15*25 


69 


17*4 

78 

14*25 


97 


16*8 

82 

13*25 


83 


12*9 

86 

12*25 


55 


7*4 

91 

11*25 

10*25 


30 

19 


5*3 

100 

Less than 9*75 






and broken 


35 

... 

(2*3) 

(116) 


1,055 


Table VI 


Cheviot. Shoulder. Single Lock. Mean Fineness 115 cm. per mg. 
Mean Length 16*8 cm. 


Length 


Frequency 


Dry Weight 

Fineness 

cm. 


Fibres 


mg. 

cm. per mg 

25*25 


3 


(0*8) 

24*25 


18 


4*9 

89 

23*25 


77 


21*0 

85 

22*25 


159 


38*2 

93 

21*25 


165 


36*0 

98 

20*25 


214 


41*4 

105 

19*25 


209 


36*9 

109 

18*25 


238 


37*1 

117 

17*25 


242 


34*4 

121 

16*25- 


254 


30*7 

134 

15*25 


188 


21*0 

137 

14*25 


120 


12*4 •... 

139 

13*25 


77 


6*9 

147 

12*25 


53 


5*1 

128 

11*25 

10*25 


42 

39 


(3*3) 

(2*7) 


Less than 9*75 





and broken 


203 

... 

8*6 

152 



2,301 
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Table VII 

Shropshire 50*8 (1). Single Lock. Mean Fineness 99 cm. per mg. 
Mean Length 12-6 cm. 


Length frequency V>ry W<*iglit h'inencss 

' 


cm. 

21-25 

20-25 

Fibres 

5 

22 

J 

' ing. 

7-6 

cm. per mg 

72 

19-25 

63 


16-4 

74 

18-25 

107 


25-2 

77 

17-25 

131 


27-5 

82 

16-25 

150 


27-0 

90 

15-25 

116 


17-6 

100 

14-25 

115 


13-8 

111 

13-25 

83 


8-4 

132 

12-25 

50 


5-3 

116 

11-25 

69 


7-0 

111 

10-25 

99 


8-0 

126 

9-25 

121 


8-4 

133 

8-25 

7-25 

92 

37 

j 

7-3 

141 

Lrss than 6-75 





and broken . . 

171 

*“ . 

5-6 

116 


1,431 

Table Vlll 



Shropshire 50*8 (2). 

Single Lock. Mean 

Fineness 

100 cm. per mg. 


Mean Length 13-1 

cm. 


Length 

Fn'qu(‘ney 

Dry W(‘ight 

^mene^s 

cm. 

I'lbn-s 


mg. 

cm. per nig. 

22-25 

21-25 

3 

18 

} 

7*7 

58 

20-25 

71 


22-2 

... 64 

19-25 

138 


38-5 

69 

18-25 

184 


44-.1 

76 

17-25 

238 


48*5 

84 

16-25 

241 


43-0 

91 

15-25 

296 


42-4 

106 

14-25 

376 


44-5 

120 

13-25 

365 


36-2 

134 

12-25 

259 


23-6 

135 

11-25 

112 


10-9 

116 

10-25 

105 


9-0 

119 

9-25 

159 


10-9 

135 

Less than 8-75 





and broken 

523 


24-5 

120 


3,088 


Table IX 


Welsh Mountain. U30 

Shoulder B4. 

■Single Lock from opposite side to G3 

of 256 sq. cm. sample. 

Mean Fineness 117 cm. per mg. 

Mean Length 12-2 cm. 

Length 

Frequency 

Dry Weight 

Fineness 

cm. 

Fibres 

mg. 

cm. per mg. 

19-25 

23 

6-5 

68 

18-25 

50 

12-6 

72 

17-25 

79 

15-8 

86 

16-25 

108 

18-7 

94 

15-25 

151 

20-1 

115 

14-25 

149 

16-6 

128 

13-25 

191 

18-7 

135 

12-25 

238 . ... 

21-0 

139 

11-25 

160 

13-4 

135 

10-25 

117 

7-9 

153 

9-25 

8-25 

Less than 7-75 

49 4 

57 i 

5-9 

157 

and broken 

200 

1,572 

6-5 

148 
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Table X 

Welsh Mountain. U30. Shoulder G3. Single Lock from opposite side to D4 
of 256 sq. cm. sample. Mean Fineness 121 cm. per mg. Mean Length 14-0 cm. 


Length 

Frequency 

Fibres 


Dry Weight 


Fineness 

cm. 


mg. 


cm. per mg. 

24-25 

23-25 

1 

7 

} 

(3-2) 


(59) 

22-25 

35 


12-6 


62 

21-25 

75 


22-7 


70 

20-25 

77 


19-6 


79 

19-25 

125 


25-6 


94 

18-25 

143 


22-9 


114 

17-25 

166 


20-9 


137 

16-25 

165 


17-8 


151 

15-25 

134 


12-3 


166 

14-25 

137 


12-2 


160 

13-25 

139 


12-0 


154 

12-25 

102 


7-9 


158 

11-25 

63 


5-0 


140 

10-25 

86 


5-3 


166 

9-25 

89 

V 

6-4 


192 

8-25 

49 



Lc«%s than 7-75 





178 

and broken 

247 

... 

6-4 



1,840 


Table XI 

Australian Crossbred 50 *s (1). Single Lock. Mean Fineness 162 cm. per mg. 

Mean Length 14-1 cm. 


Length 

Frequency 


Dry Weight 

Fineness 

cm. 

Fibres 


mg. 

( m. per mg 

24-25 

1 

'k 



23-25 

22-25 

1 

6 

1 

1 

8-9 

84 

21-25 

27 

j 



20-25 

58 


12-4 

94 

19-25 

175 


30-2 

111 

18-25 

209 


29-7 

129 

17-25 

207 


25-1 

142 

16-25 

166 


17-5 

154 

15-25 

193 


17-3 

170 

14-25 

157 


12-6 

177 

13-25 

177 


12-0 

195 

12-25 

185 


9-5 

238 

11-25 

312 


14-2 

247 

10-25 

201 

i 

9-4 

274 

9- 5 

55 

s 

Less than 8-75 





and broken 

139 


4-0 

185 


2,269 





Table Xll 

Australian Crossbred 50’s (2). Single Lock. Mean Fineness 137 cm. per mg. 

Mean Length 15-5 cm. 


length 

Frequency 


Dry Weight 


Fineness 

cm. 

Fibres 


mg. 


cm. per mg 

23-25 

2 

\ 

(3-2) 


(73) 

22-25 

9 

) 


21-25 

31 

• •• 

7-6 


86 

20-25 

85 


18-5 


93 

19-25 

174 


31-3 


107 

18-25 

284 


46-3 


112 

17-25 

305 


41-6 


126 

16-25 

300 


35-6 


137 

15-25 - 

238 


22-6 


161 

14-25 

232 


18-4 


180 

13-25 

214 


13-9 


205 

12-25 

158 


8-4 


231 

11-25 

94 


4-5 


237 

10-25 

9-25 

32 

13 


(1-9) 


(240) 

I.ess than 8-75 






and broken 

76 

... 

— 


— 


2.’247 
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Table Xlll 


New Zealand 48*8. Single Lock. Mean Fineness 111 cms. per mg. 


Length 

cm. 


Frogucnry 

Fibres 


Dry Weight 
mg. 

Fineiics*^ 
cm. per mg 

25-25 

• • • 

15 


5-2 

... " 72 

24-25 


57 


18-8 

74 

23-25 


89 


26-1 

77 

22-25 


114 


31-6 

80 

21-25 


144 


35-0 

88 

20-25 


145 


29-2 

101 

19-25 


161 


26-5 

117 

18-25 


153 


22-4 

125 

17-25 


210 


24-9 

146 

16-25 


■ 167 


18-2 

149 

15-25 


105 


9-5 

169 

14-25 


58 


5-4 

153 

13-25 


41 


4-1 

133 

12-25 


63 


5-9 

131 

11-25 


79 


6-2 

143 

10-25 

Less than 9-75 


41 


(2-8) 

(151) 

and broken 


? 

1,642 + ? 


7-4 

139 


Norris and van Rcnsburg, I'ablc V (2). 


Table XIV 


New Zealand 56*8. Single Lock. Mean Fineness 92 cm. per mg. 
Mean Length 14-8 cm. 


Length 

cm. 


Frequency 

Fibres 


Dry Weight 
mg. 


biiicnesh 
nu. per mg. 

21-25 


11 


(3-0) 



20-25 


33 


8-5 


79 

19-25 


74 


19*3 


74 

18-25 


106 


26-0 


74 

17-25 


131 


29-2 


77 

16-25 


151 


28-6 


86 

15-25 


184 


27*9 


101 

14-25 


190 


23-7 


114 

13-25 


125 


13-5 


123 

12-25 


45 


4-1 


137 

11-25 


11 


(1-5) 


(86) 

10-25 

T.<’ss than 9-75 


17 


(2-1) 


(85) 

and l)rokrn 


133 

1,211 


8-0 


114 


Norris and van l<<*iisburg, Tabk* V (2). 


Table XV 


Australian Matchings 58*8. Single Lock. Mean Fineness 187 cm. per mg. 

Mean Length 13 0 cm. 


Length 

Fn-quency 


Dry Weight 

cm. 

Fibres 


nig. 

18-25 

17-25 

13 

} 

(2-0) 

16-25 

60 


7-7 

15-25 

246 


25*1 

14-25 

557 


45*9 

13-25 

491 


32-1 

12-25 

274 


14-2 

11-25 

78 


(3-9) 

10-25 

43 


(2-0) 

9-25 

63 


(2-3) 

8-25 

Less than 7-75 

30 


(1-2) 

and broken 

90 

... 

(1-5) 


Fintniess 
cm. per mg. * 


( 121 ) 


125 

148 

172 

203 

236 

(229) 



(213) 


( 222 ) 


1,946 


Norris and van Rcnsburg, Table I (10). 
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Table XVI 

Australian Merino. Shoulder. Mean Fineness 221 cm. per mg. 


Mean Length 11*3 cm. 


Length 


Frequency 

Dry Weight 

Fineness 

cni. 


Fibres 

mg. 

cm. per mg. 

16-25 


1 



15-25 


1 

1 (3-0) 

(207) 

14-25 


42 



13-25 


260 

17-0 

201 

12-25 


634 

36-2 

215 

11-25 


500 

24-7 

229 

10-25 


173 

7-4 

241 

9-25 


28 

\ 


8-25 


19 

(2-2) 

(263) 

7-25 


23 

1 


Less than 6-75 





and broken 


118 

(1-7) 

(302) 


1,799 


Table XVII 


64*s Gape. Single Lock. Mean Fineness 321 cm. per mg. 
Mean Length 14-1 cm. 


l.ength 


Froquenev 


Dry - Weight 

Fineness 

cm. 


Fibi cs 


mg- 

cm. pel mg 

22-25 


18 


(2-1) 

(193) 

21-25 


77 


7-6 

215 

20-25 


129 


11-1 

235 

19-25 


181 


13-7 

254 

18-25 


197 


13-1 

274 

17-25 


281 


16-7 

289 

16-25 


321 


16-3 

320 

15-25 


251 


11-6 

3.12 

14-25 


154 


6-6 

334 

13-25 


83 


(3-5) 

(314) 

12-25 


130 


4-7 

341 

11-25 


249 


7-3 

380 

10-25 


205 


5-3 

397 

9-25 


202 


4-8 

393 

Less than 8 75 






and bioken 


323 


5.5 

385 


2,081 


Note — wool is cxtroinely long and probably represt-nts 18 mouths’ giowth, perhaps more. 
Noins and van Rcnsburg, Tabh* 1 (4). 


Table XVIII 


Lincoln Skin. Approximately 8 months* growth. Shoulder (1). 
Mean Fineness 75 cm. per mg. Mean Length 13-7 cm. 


Length 


Frequency 


Dry Weight 

Fineness 

cm. 


Fibres 


mg. 

cm. per mg 

21-25 

20-25 


1 

12 

} 

5-4 

49 

19-25 


34 


13-8 

47 

18-25 


95 


33-1 

52 

17-25 


138 


41-7 

57 

16-25 


in 


28-4 

63 

15-25 


158 


32-4 

74 

14-25" 


130 


22-0 

84 

13-25 


130 


18-4 

93 

12*25 


98 


11-5 

105 

11*25 


70 


6-7 

119 

10-25 


52 


4-2 

128 

Less than 9*75 






and broken 

... 

205 


10*6 

149 


1,234 
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Table XIX 

Lincoln Skin. Approximately 8 monthe’ growth. Shouldier (2). 
Mean Fineness 64 cm. per mg. Mean Length 15-3 cm. 
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Length 

Frequency 


Dry Weight 

^ Fineness 

cm. 

Fibres ’ 


mg. 

cm. per mg. 

23-25 

2 

\ 

4-7 

43 

22-25 

7 

s 



21-25 

25 


12-5 

42 

20-25 

73 


33-0 

45 

19-25 

128 


50-5 

49 

18-25 

162 


57-0 

52 

17-25 

137 


38-4 

61 

16-25 

159 


36-5 

71 

15-25 

175 


32-1 

83 

14-25 

138 


22-2 

89 

13-25 

93 


12-9 

95 

12-25 

67 


7-2 

115 

11-25 

43 

i 

7-9 

i31 

10-25 

53 

s 



Less than 9-75 





and broken 

125 

... 

7-3 

... 134 


1,387 





Table XX 

Lincoln Skin. Approximately 8 months* growth. Brltch. 
— "" ' Mean Length 14-8 cm. 


Lenf^th 

cm. 

23-25 

22-25 

21-25 

20-25 

19-25 

18-25 

17- 25 
16-25 
15-25 
14-25 

18- 25 
12-25 
11-25 
10-25 

I-ess than 9-75 
and broken 


Frequency 


Dry Weight 

Fineness 

Fibres 


ing. 

cm. per mg 

2 


6-7 

38 

9 J 

23 


13-3 

36 

67 


34-2 

40 

114 


53-9 

39 

130 


52-9 

45 

134 


48-7 

48 

97 


28-8 

55 

87 


20*4 

65 

117 


22-8 

73 

120 


I9-I 

83 

85 


12-0 

87 

66 

x 

10-3 

no 

38 J 

156 


8-1 

149 

1,245 


Table XXI 
Border Leicester 

2 \ Shoulder sample*. Square 16 cm. side. 




Dissimilar locks. 


Same shoulder sample. Zon<‘d, 32 zones. 

Same sheep. Lo<'k from rump. 

Fineness, cm. per mg. 
(^) 


7.3 

76 

79 

85 

90 
99 

109 

115 

112 

106 

91 
95 
97 

109 

135 


Length, cm. 

(1) 


(2) 

28-25 \ 

27-25 / 

55 


(73) 

26-25 

59 


25-25 

62 


59 

24-25 

65 


62 

23-25 

66 


64 

22-25 

73 


68 

21-25 

79 


72 

20*25 

85 


79 

19-25 

96 


85 

18-25 

108 


98 

17-25 

107 


103 

16-25 

107 


106 

15-25 

99 


99 

14-25 

108 1 

1 


13-25 

(102) 


100 

12-25 

(103) 

1 

11-25 

(83 



10-25 

(92) J 



Less than 9-75 . . . 

and broken 

Mean fineness. 

108 


(92) 

79 

19-5 

cm. per mg. . . . 
Mean length, cm.... 

80 

19-4 

.. 


(4) 

62 

59 

64 

68 

70 

78 

83 

91 

96 

104 

103 

108 


103 


93 

15-8 


(83) 

81 

19-3 


(S) 


59 

57 

56 

5S- 

59 

64 

67 

73 
75 

74 
78 
82 
86 
91 

100 


( 110 ) 


17*8 
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Table XXII 


Shropshire. 50*8 Matchings. 

Two Dissimilar Locks 



Fineness, 

cm. per mg. 

Length, cm. 


(1) 

(2) 

22-25 

21-25 

\ 

72 

} 58 

20-25 

) 

64 

19-25 


74 

69 

18-25 


77 

76 

17-25 


82 

84 

16-25 


90 

91 

15-25 


100 

106 

14-25 


111 

120 

13-25 


132 

134 

12-25 


116 

135 

11-25 


111 

116 

10-25 


126 

119 

9-25 


133 

135 

8-25 

i 

141 


7-25 

f 


Less than 8-75 and broken 
Less than 6-75 and broken 


116 

120 

Mean fineness, cm. per mg. 


99 

100 

Mean length, cm. 

... 

12-6 

131 

Suniinary of Tables VII and VTll. 



Table XXIII 


Welsh Mountain. Shoulder. 

Two Locks 

from opposite sides of square o 


16 cm. side 




Fineness, 

cm. per mg. 

Length, cm. 


(1) 

w 

24-25 

23-25 



} (59) 

22-25 



62 

21-25 



70 

20-25 


. . 

79 

19-25 


68 

94 

18-25 


72 

114 

17-25 


86 

137 

16-25 


94 

151 

15-25 


115 

166 

14-25 


128 

160 

13-25 


135 

154 

12-25 


139 

158 

11-25 


135 

140 

10-25 


153 

166 

9-25 

8-25 

} 

157 

192 

Less than 7-75 and broken 


148 

176 

Mean fineness, cm. per mg. 


117 

121 

Mean length, cm. 

... 

12-2 

14-0 

Summary of Tables 

IX and X. 



Table XXIV 


Australian Crossbred. 

50*8 Matchings. Two Dissimilar Locks 



Fineness, 

cm. per mg. 

Leuglih, cm. 


(1) 

(2) 

24-25 


23-25 

22-25 

1 

84 

} (73) 

21-25 

j 


86 

20-25 


94 

93 

19-25 


111 

107 

18-25 


129 

112 

17-25 

... 

142 

126 

16*25 


154 

137 

15*25 

... 

170 

161 

14-25 


177 

180 

13-25 


195 

205 

12-25 


238 

#... * 231 

11-25 


247 

237 

10-25 

9-25 

■} 

274 

(240) 

T.css than 8-75 and broken 

... 

185 



Mean fineness, cm. pci mg. 


162 

!!; 137 

Mean length, cm. 


14-1 

15-5 

Summary of Tables XI and XII. 
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Table XXV 



Lincoln Skin. Approximately 8 months* growth. Shoulder. Locks 1 

and 2 


Fineness, cm. 

per mg. 


I.oiigth, nil 

(J) 

(2) 


2:^25 

22*25 

::: -- } 

43 


21*25 

) 49 

42 


20*25 

45 


19*25 

47 

49 


18*25 

52 

52 


17*25 

57 

61 


16*25 

63 

71 


15*25 

74 

83 


14*25e 

84 

89 


13*25 

93 

95 


12*25 

105 

115 


11*25 

119 \ 

131 


10*25 

128 • / 


Less than 9*75 and broken 

149 

134 


Mean Oneness, cm. per mg. 

75 

64 


Mean length, cm. 

13-7 

15*3 


Summary of Tables XVIII and XIX 






Table XXVI 



Lincoln Skin. Approximately 8 months 

* growth 



1 - Shoulder (approximately). 




2- Side 

, forward. 





3- Side 

towards back. 




4 — Hritch (approximately). 






Fineness, cm. 

per mg. 


Length, cm. 

(1) 


(2) 

(3) 

(4) 

23*25 

22*25 

} 40 


34 

39 

(36) } 

38 

21*25 

41 


40 

41 

36 

20*25 

43 


42 

40 

40 

19*25 

46 


45 

44 

39 

18*25 

52 


56 

46 

45 

17*25 

63 


65 

54 

48 

16*25 

72 


78 

63 

55 

15*25 

78 


85 

77 

65 

14*25 

87 


98 

83 

73 

13*25 

106 


100 

92 

83 

12*25 

113 


116 

113 

87 

11*25 

10*25 

} 124 


116 

145 

no 

Less than 9*75 and broken 

... (170) 


166 

182 

149 

Mean fanenes's, cm. per mg. 

60 


60 

64 

56 

Nos. 1-3 not published in full. No. 

4“* Summary of Table XX. 




33— MONTHLY WOOL GROWTH STUDIES, II; (a) HAMPSHIRE 
DOWN EWES; (b) GORRIEDALE EWES 

By Robert H. Burns, M.S. 

INTRODUCTION 

In a former paper* the writer stated that monthly wool growth studies 
with five different breeds of sheep were started at the Wyoming Experiment 
Station in 1926, and carried on for the following four years up to and including 
1930. The former paper gave the technique of measurei^ent, which proved 
most satisfactory and gave the results of monthly wool growth in Ram- 
bouillet ewes. This paper, the second of the series, gives the results obtained 
in monthly wool growth studies in two breeds, Hampshire Down and Corrie- 
dale ewes. 

The writer, now studying sheep breeding and fleece analysis at the 
Institute of Animal Genetics, University of Edinburgh, wishes to acknowledge 
his indebtedness to this Institute for the courtesies and suggestions extended 
to him during the preparation of this paper 


EXPERIMENTAL PROCEDURE 

The same procedure as followed with Rambouillet ewes, described in the 
former paper, was tised for the other breeds. Four to six ewes were used 
during each year, the number depending on mortality and sales. No sub- 
stitutions were made during the year, but each spring at shearing time 
young ewes were added to have as many different ages represented as possible 
Any ewes substituted for those sold, or deceased, were as nearly as possible 
of Ae same age as those which they replaced. Environmental conditions were 
the same as already reported for the Rambouillet ewes. Wool growth 
determinations were made by measuring the average length of clipping 
"sheaf" from the right mid-shoulder area of each sheep. 


If the growth data for the Hampshire Down ewes is arranged in the form 
of a frequency distribution, the following figures arc obtained — 


Monthly Growth in 
tenths of an inch 
2 

3 

4 

5 

6 

7 

8 

Total . . 


Frequency 

42 

92 

64 

12 

1 

3 

1 

215 


Mean Monthly Growth *33 

Probable Error of Mean i‘005 

Maximum Allowable Error 02 
(three times probable error 
of mean) 


A study of the large table of experimental results shows that there was 
a strong tendency for the wool of Hampshire ewes to grow uniformly through- 
out the year, for a comparison of the variation figures in the last column of 
the large table with the maximum allowable error (three times the probable 
error of the mean monthly growth) shows that during five months of the 
year the variation in average monthly wool growth is significantly different 
from the average monthly wool growth for the entire year, and during the 
other seven months making up the year the variation figure is not significant. 

• J Text Inst , 1931, 22, 198-T109 
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Maximum Variatiim In Moutlily Wool Growth. Same Ewe; Same Mon^ 
DUferent Years. Hampshire Down Ewes 















r'” ■ ■ ■ 

Total 







Readings in Tenths or an 

Inch 





Varia* 


Averag( 














No. 

tion 


Varia- 

Sampled 













Months 

(in 0-01 

No. i 

tkm 


June 

July 

Aug. 

s^ 

Oct. 

Nov 

Dec. 

Jan. 

Feb. 

Mar. 

Apr 

Mav 

' In Teat 

inch 


inches 

. 









. — 


- - - 




.. .. 

units). 




Ear Tag 


j 















Number 






1 

1 








i 


325 

1 

2 

1 

1 

2 

1 1 

1 0 

0 1 

1 

1 

1 

- 

30 

11 

11 

.10 

418 

4 I 

4 

1 

0 

0 

1 1 

[ 1 

1 i 

2 

1 

1 

1 

37 

17 

12 

.14 

87880 

4 ! 

1 

3 

1 

1 

1 

2 

1 

2 1 

i 

1 

t 

2 1 

1 

1 0 

f i 

2 

1 

1 

47 

20 

12 

.17 


The average maximum variation in growth in the same ewe during the 
same month in different years varied from ‘lo to *17 of an inch, showing 
a strong tendency for the same individuals to grow wool uniformly throughout 
the year, and to grow about the same amount of wool during the same 
calendar months of different years. 

WOOL GROWTH BY SEASONS 
Hampshire Down Ewes 


Two hundred and fifteen growth determinations from the Hampshire 


Down growth clipping samples over the four-year period, 1926-30, gave the 

following table of growth by seasons — 



St‘a.son 1 

i 

Actual Wool 

Per cent, of 

j Growth in inches 

j Yearly Growth 

Spring — March, April, and May 

1-03 ; 

1 26 

Summer — June, July, and August 

1*07 

27 

Fall — September, October, and November ... 

•93 

24 

Winter — December, January, and February 

•92 

23 

Total growth for the year 

3-95 

100 


Again, as was the case with the Rambouillets at Wyoming, a remarkable 
uniformity of growth was maintained throughout the four seasons of the 
year. As would be expected, growth was less during those seasons when 
only dry feed was available and considerably more when green feed could 
be obtained. 

In order that these figures might be compared directly with those reported 
by a number of investigators in Germany, an arrangement has been made 
of the data showing the wool growth of the first six months after shearing 
compared with the succeeding six months making up the year of growth. 
As before, there were 215 growth determinations over the four-year period. 



Actual Wool 

Per cent, of 


Growth in inches 

Yearly Growth 

First six months after shearing 

212 ^ 

54 

Succeeding six months 

1-83 

46 

Total growth for the year 

3-95 

100 


There was slightly more growth during the first six months after shearing. 
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CONCLUSIONS 

Monthly Wool Growth in Hampshire Down Ewes. Growth in hundredths of an inch. 
215 Monthly Wool Growth Determinations. 1926-1930. 

Sheared on 19th May of each year. 

Figures on top of columns represent growth in hundredths of an inch. 

Figures within the columns represent each month’s proportionate growth in per 
cent, of the total growth for the entire year. 


40 



Hampshire Down ewe wool shows a tendency to grow uniformly during 
the different months of the year when the monthly variation is compared 
with an average figure for monthly wool growth during the entire year. 
The variations in wool growth from month to month, as shown in the chart, 
are slightly larger than was the case with Rambouillets (a maximum variation 
of 3*0% 2 is compared to 2*3%). The Hampshire Down being a mutton 
type of sheep may possibly make more rapid and efficient use of the food 
it consumes, and consequently would tend to develop body and fleece 
characters more rapidly when green feed bec'omes available, than would be 
the case with the slower maturing Kambouillet of fine wool type. 

If these data are arranged in two periods of six months’ growth, they 
give information which can be compared directly with those results reported 
by a nunfi>er of investigators in Germany and l^S.A. 

('omparison of Wool Growth in Hampshire Down Kwes by Six-months ’ I’eriods 
beginning at Shearing Time. 

Figures on top of columns give the total growth in inches. 

Figures within the columns give the per cent, of yearly growth. 


2.12 


54 


1.83 


46 


Total Wool Growth First Six 
Months after Shearing. 


Total Wool Growth next Six 
Months, completing the year. , 


These results with Hampshire Down ewes confirm the results reported 
by the writer in an earlier paper already referred to. 




Wool Growth Shdm, Il-^ums 



ly growth b> months from average monthly growth for the entire year 
id dnrtna Seotember and the mimmnm during May 
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SUMMARY 

(1) Hampshire Down ewe wool showed a tendency to grow imiformly 
throughout the year, as shown by monthly and seasonal growth, and the 
yearly growth did not vary markedly during the four years of the 
experiment. 

(2) Hampshire Down ewe wool grew slightly more during the first six 
months after shearing (54%) than during the succeeding six months (46%), 
completing the year. 

If the wool growth, data for the Corriedale ewes is arranged into a 
frequency distribution, the following figures are obtained — 


Monthly Growth in 
tenths of an inch 

Frequency 


2 

28 

Mean Monthly Growth *35 

3 

75 

4 

59 

Probable Error of Mean ±-005 

5 

26 

6 

1 

Maximum Allowable Error *02 

7 

1 

(three times probable error 

8 

1 

of mean). 

Total 

191 



A study of the large table of experimental results shows that there was 
much more variation in wool growth in the Corriedale ewes than in any of 
the other breeds studied. A comparison of the variation figures in the last 
column of the large table with the maximum allowable error shows only three 
months when the variation was not significant, and nine months in which 
the variation exceeded the maximum allowable error. This would indicate 
that the Corriedale breed was more variable in wool growth from month to 
month than either the Rambouillet or Hampshire Down. 


Maximum Variation in Monthly Wool Growth 
Same Ewe; Same Month; Different Years. Corriedale Ewes 


Sampled | 




KkAUINQS in TSNTHb OF AN InCH 




No. 

Total 


vX 

tlOQ 

inches 

1 


June 

1 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 Jan.j Feb.| 

Mu. 

Apr. 

M»y 

Montbe 
in Teat 

1 

1 

Varia- 

tion 

1 

No. 

1 

Ear Tag 
Number 
701 

1 

0 

0 

1 

2 

1 

1 ) 

1 

1 

1 

1 

1 I 

1 

1 

1 0 

1 

2 

1 1 

1 1 

1 

23 

1 

1 

10 

11 

.09 

2091 

1 0 

2 

2 

1 

0 

1 

1 1 

3 


1 

2 

0 

35 1 

1 15 

12 

•13 

2101 

0 

2 


1 

0 

1 

0 1 

1 

1 0 

1 

0 

1 

23 

7 

11 

•06 

2139 

1 

1 

1 

1 

1 

1 

0 

1 

. 2 

2 

2 

1 

44 

14 

12 

•12 

2252 

0 

1 

1 

3 

4 1 

4 

0 

1 1 

1 

2 

; • 

2 

1 

1 

1 

22 

12 

•18 


1 


The average maximum variation in growth of wool on the same ewe 
during the same month in different years is about the same in the Corriedales 
as in the Hampshire Downs, varying from -06 to *18 of an inch. Thus in 
Corriedales, as in Hampshires and Rainbouillets, there is a tendency for the 
same individuals to grow the same amount of wool during the same months 
of different years. 
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WOOL GROWTH BY SEASONS 
Ck>nieclale Ewes 


One hundred and ninety-one determinations from the Corriedale growth 
clipping samples over the four-year period, gave the following table of 
growth by seasons — 


1 

Season 

1 

1 Actual Wool 
Growth in inches 

Per cent, of 
Yearly Growth 

Spring — ^Maich, April, and May 

•95 

23 

Summer — June, July, and August 

123 

29 

Fall — September, October, and November ... 

! Ml 

27 

Winter — December, January, and February 

i 

21 

Total growth for the year 

416 

100 


There is more variation in the Corriedales than in either the Hampshires 
or Rambouillets, the maximum difference in percentage of growth amounting 
to 4% in the Hampshires and Rambouillets, and to 8% in the Corriedales. 

If these figures are arranged so as to compare the growth the first six 
months after shearing with the succeeding six months making up the year. 


one obtains the following figures. 

As before, there were 191 growth deter- 

minations. 




, Actual Wool 

1 Per cent, of 


; Growth in inches 

I 

Yearly Growth 

First six months after shearing 

...i 2-36 i 

1 57 

Succeeding six months 

1-80 1 

1 1 

1 43 

Total growth for the year 

...; 416 

100 


The Corriedale ewes showed the greatest growth during the first six months 
after shearing (57%) of any of the breeds under study (Hampshires, 54%, and 
Rambouillets, 52%). 


CONCLUSIONS 

Monthly Wool Growth .in Corriedale Ewes. Growth in hundredths of an inch. 

191 Monthly Growth Determinations. 1926-1930. 

Sheared on 4th May of each year. 

Figures on top of columns represent growth in hundredths of an inch. 

Figures within the columns represent each month's proportionate growth in per 
cent, of the total growth for the entire year. 


46 
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Corriedale ewe wool did not grow uniformly during the year, being much 
more variable in monthly and seasonal wool growth than either the 
Rambouillet or Hampshire Down. Although there was a decline in wool 
growth beginning in December it did not become dormant during the last two 
months completing the year, as suggested by Zorn, Heync, Stohman, Gartner, 
and Rohde. 

Comparison of Wool Growth in Corriedale Ewes by Six-months’ Periods, beginning at 

Shearing Time. 

Figures on top of column give total growth m inches. 

Figures within columns give the per cent of yearly growth attained during the 
six-month period 


X • UVyf 



X • 

57 


<3 


Total Wool Growth First Six Total Wool Growth next Six 

Months after Shearing. Months, completing the year 

The Corriedale ewes’ wool growth was 10% greater during the first six 
months’ period than during the succeeding six months completing the year. 
The first six months of wool growth from the Corriedale ewes represented 
57 % of growth for the entire year. This figure is 10% tmder the figure 
reported by Zorn, Hejoie, Stohman, Gartner, and Rohde. 

The wool growth studies made at the Wyoming Experiment Station 
with Rambouillet, Hampshire, and Corriedale ewes support the view that 
wool has an inherent tendency to grow uniformly throughout the year, and 
oppose the view that wool grows by the law of diminishing returns and 
attains two-thirds of its yearly length during the first six montlis after 
shearing, and then gradually diminishes until during the last two months 
completing the year there is no appreciable growth. 

The tendency of wool to grow imiformly is affected by environmental 
factors which give dissimilar reactions in different breeds and even in indi- 
viduals within the breed. The results obtained at Wyoming agree with the 
results reported by Hackedom and Sotola using Rambouillets, and Nord- 
meyer using Mutton-Merinos (Merinofleischschaf). 

SUMMARY OF MONTHLY WOOL GROWTH RESULTS USING 

RAMBOUILLET, HAMPSHIRE DOWN, AND CORRIEDALE EWES 

(1) Monthly wool growth in Rambouillet and Hampshire Down ewes 
showed a tendency to be uniform throughout the year, as shown by monthly 
and seasonal growth, and the total yearly wool growth tended to be the same 
during the four 3^ars of the experiment. 

(2) Wool grows slightly more (average difference 9%) during the first 
six months after shearing than during the succeeding six months completing 
the year. 

(3) The Corriedale ewes showed much more variability in monthly and 
seasonal wool growth than the Rambouillets and Hampshires. 
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CORRIGENDUM 

30— THE DETERMINATION OF SOLUBILITY NUMBER: 

A MICRO-METHOD FOR MEASURING THE EXTENT TO 
WHICH A CELLULOSIC MATERIAL HAS BEEN CHEMICALLY 
MODIFIED OR DEGRADED 

By C. R. Nodder 

(The Linen Industry Research Association). 

An error occurred in this paper which appeared in the August issue of 
the Journal (1416-1424). The second paragraph of the Conclusion (p. T423) 
should read as follows* the words to be changed being printed in italics. 

“The cuprammonium viscosity method is considerably more sensitive for 
indicating the initial stages of attack, that is, when the solubility number is 
less than 5^0 in the case of linen goods (log. viscosity 2% solution greater 
than i-o) or less than 2 or 3 in the case of cotton goods (log. viscosity 2% 
solution greater than about 0-5)." 
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34— THE DETERMINATION OF TOTAL SIZE OR FILLING 
IN COTTON GOODS 

By Douglas A. Clibbens, Ph.D., and Arthur Geake, Ph.D. 

(British (‘otton Industry Research Association) 

INTRODUCTION 

The technique described in text books for the determination of the 
total amount of size on a grey cloth or yam is simple, but the interpretation 
of the results obtained demands critical treatment. In spite of this, no 
critical examination of methods for size analysis has ever been recorded 
in the scientific or technical literature. Simple directions for the deter- 
mination of the size content of a cotton cloth were first given by Thomson* 
in 1877 and these directions, sometimes slightly modified, have been repeated 
at intervals in text-books down to the present time, but no published in- 
vestigation of the reliability of Thomson's method has been found. 

This paper contains a critical examination of some methods for total 
^ize analysis in grey cotton, as a result of which a standard procedure is 
recommended (page T472). The same procedure can be used for deter- 
mining the proportion of filling in finished material. 

GENERAL DESCRIPTION OF THE INVESTIGATION AND 
ITS RESULTS 

1 — The Nature of the Problem 

In order to determine the total amount of size in a sample of grey cloth, 
it is submitted to some process that removes the size — called for convenience 
a “dcsizing" process — and the consequent loss in the weight of the cloth 
is measured. If the size removal were complete, and if the dcsizing process 
removed nothing but size constituents, this loss of weight would evidently 
give an accurate measure of the amount of total size in the cloth. These 
conditions — complete and exclusive removal of size constituents — are 
never realised in practice, and every determination of total size with a claim 
to accuracy involves a correcting calculation which takes account of this 
fact. The essential problem is to discover a method of desizing which 
most nearly fulfils the ideal conditions, and for which the correcting calcula- 
tion can be made with the maximum accuracy. The simplest effective 
method of desizing naturally depends on the nature and weight of the size; 
from cloth containing lightly sized warp yams, for example weighted 10% 
with a pure starch size, simple boiling with water would remove practically 
the wh^e of the size together with a small amount of material from the 
cotton, for which a sufficiently accurate correction could be made in calcu- 
lating the result. This paper is concerned, however, with general procedures 
which can contend, not only with light sizing, but also with yzms carrying 
up to 100% or more of size containing large quantities of starch, China 

B-^TRAKSACTIOMS 
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clay, tallow or other common size softener, and magnesium and zinc chlorides 
or other salts employed in size mixings. 

3— The Two Methods of Desizhig Examined 

Thomson* used the following method for desizing — The grey cloth 
is thoroughly washed in cold water, boiled for one hour in 1% caustic soda 
solution, again washed in cold water, boiled for one hour in 1% hydrochloric 
acid solution, washed, and finally boiled for an hour in water. Thomson 
assumed that this process would remove all the sizing constituents, but 
he realised that it would also remove some of the natural constituents of 
the cotton, and that the loss of weight would, on this account, be greater 
than the actual amount of size in the cloth. A correction must therefore 
be applied in calculating the result, namely, the loss of weight whicli 
the cotton would have sustained had it been entirely devoid of size. This 
correction will be called the ‘'desizing blank,*' though it was described 
by Thomson as “mineral matter,** presumably under the mistaken im- 
pression that the loss of weight suffered by unsized cotton on boiling with 
alkali and acid was due, in the main, to the removal of mineral substances. 
The magnitude of the correction, or desizing blank, is given by Thomson 
as 1% of the weight of the size-free cotton. 

It is evidently possible to vary the details of Thomson's method, for 
example, with respect to the strength of acid and alkali, and the temperature 
at which they are used, but there is very little evidence to show in what 
direction such variations could usefully be made. The only modification 
of the method that might be expected to afford a definite advantage consists 
in extracting the cloth with an organic solvent as a preliminary to the 
washing and boiling treatments, and this is recommended in some text- 
books. 

No evidence was adduced by Thomson in support of the accuracy ol 
his desizing blank. The assumption that the size constituents can bt* 
removed by his process is justified with respect to starch and the sizing 
salts, but without tmther evidence it is not justified with respect to fats 
and China clay; any removal of the latter is effected only by the mechan- 
ical action of the washing and boiling processes. The inclusion of a treat- 
ment with an organic fat solvent in the desizing process removes any doubt 
as to the complete extraction of the fatty ingredients. 

Another method of desizing was used by Lecomber and Probert^ for 
analytical purposes, and it consists in removing the fats by solvent extrac- 
tion, the starch by malt extract, and the salts by thorough washing. In 
this, which will be called the malting method, reliance must again be placed 
upon purely mechanical action during washing for the removal of China 
clay, if the method is used for the analysis of weighted goods. It remains 
to consider the extent to which such reliance is justifiable, and to determine 
the magnitude of the desizing blank for the malting method. 

3 — Summary of Experimental Work 

A definite procedure based on Thomson’s method of analysis was adopted 
for the purpose of this work. It will be called the scoufing method, and is 
described in detail on page T469. A detailed procedure was also selected 
for analysis made by tiiie malting method (page T470), The scouring and 
malting methods in the forms described were examined and compared with 
the following results— 
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(а) Observations were made of the losses of weight incurred by eighteen 
unsized yams of various qualities when submitted to the scouring and 
the malting treatments. These desizing blanks represent the accurate 
corrections that should be applied in suse analyses on cloths containing 
the cottons in question. In the routine analysis of cloth there is generally 
no information available as to the quality of cotton employed, and no 
samples of the unsized warps to serve as a control. It is then necessary 
to assume an average value for the desizing blank. For the six American 
and four Egyptian cottons examined the average blank was 4-6% of the 
dry weight of the treated cotton in the scouring, and 3-2% in the malting 
method. These figures were used to correct total size analyses in cases 
where no unsized warp yam was available as a control. The values given 
by the Egyptian cottons were slightly higher than those given by American 
cottons, and the maximum range of variation was from 3-5% to 5-1% in 
the scouring, and from 2*6% to 3*5% in the malting method. The desizing 
correction of 1% recommended by Thomson himself is far from correct, 
and introduces an average error of at least 3-5% in size analyses by hib 
method on cloths made from American and Eg5q)tian cottons; this state- 
ment is based on the fact that the original method described by Thomson 
is, if anything, more drastic in its action on the grey cotton than the modified 
form here examined, since it prescribes both a higher scouring temperature 
and a higher concentration of acid. 

For other growths, the desizing blanks are much more variable. Native 
Indian cottons, in particular, yield very high values; for example, a Surat 
cotton gave 7*2% by the scouring and 5-1% by the malting method. The 
assumption of the average blanks given above would lead to errors of 2-6^0 
and 1*9% for the two methods of size analysis respectively, applied to 
cloth containing this cotton, whilst the correction used by Thomson would 
result in an error of at least 6*2 per cent. American strains of cotton 
developed in India (Pimjab American) yield the normal blanks character- 
istic of American cotton. The ratio between the malting blank and the 
scouring blank for the same cotton is always very near to 07, being almo.st 
independent of the cotton, whether it gives relatively low blanks like tlu‘ 
American cottons or high blanks like the native Indian varieties. The 
range of variation in the malting blanks is therefore only seven-tenths of 
that in the .scouring blanks, and the absolute errors unavoidably introduced 
in size analysis by the variability of the raw material arc therefore smaller 
ill the malting than in the scouring method. 

(б) The two desizing methods have been examined with respect to the 
completeness with which they effect the removal of China clay. Incomplete 
removal of clay does not actually affect the accuracy of the analyses 
in the forms described on page 74(59, since an additional operation is intro- 
duced after desizing. This consists in burning the desized cloth and 
weighing the ash, which, apart from a small correction, is due to clay remain- 
ing in the cloth after desizing. This operation does not form a part of the 
Thomson method as originally described, and it greatly increases the time 
necessary for an analysis. Until any method has been tested in this way 
it is not possible, however, to decide whether the additional oj^ration is 
necessary, or whether a sufficiently complete removal of clay is secured 
during desizing. 

As already explained, the elimination of clay is accomplished purely 
by the mechanical working of the cloth during washing and boiling. The 
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extent of this removal must therefore be expected to vary with the precise 
details of the desizing treatments, and the conclusions now to be recorded refer 
to the procedures described on pages T469 and T470. The scouring process is 
found to be much less efficient in removing clay than the malting, in spite 
of the fact that it includes an equally energetic mechanical treatment of 
the cloth. The assumption that the scouring method effects practically 
complete removal of clay is not justified, and with cloths containing 10% 
to 20% of clay, errors in total size anal3^s as great as 3% may result from 
sudi a false assumption. In order to obtain accurate results with filled 
cloths by the scouring method it is therefore necessary to include the 
ashing operation. In the malting method of desizing, the amoimt of clay 
that escapes removal is usually less than half of one per cent, and no great 
error would be caused by neglecting it and omitting the final ashing process. 

(c) The removal of fats by the scouring method (without solvent extrac- 
tion) has been examined, and it has been shown that errors of 1% in total 
size analysis may arise owing to the incomplete removal of fatty materials 
by this method. 

(d) It is imfortunately impossible to obtain sized yam or cloth of which 
the total size content is so exactly known that the material can serve as 
a control on the accuracy of anal^ical methods. By means of a series of 
variously sized cloths a comparison has been made, however, between the 
results obtained by the two different methods of analysis. The cloths 
were normal trade samples, and none of the unsized warps was available 
for control purposes; the desizing blanks used were, therefore, the average 
values already recorded, and account was taken in both methods of the 
amount of China clay which remained in the cloths after desizing. The 
agreement between the results given by the two methods was satisfactory, 
but in most cases the malting method gave a slightly higher size content 
than the scouring. This was imdoubtedly due in part to the relatively 
inefficient removal of fat by the scouring process. For ten cloths examined, 
varying in size content from 5% to 30% (on the weight of the cloth), the 
average difference between the results given by the two methods of analysis 
was 0-3%. the malting method giving the higher figure. 

4 — The Standard Malting Method for Total Size Analysis 

From the experimental work summarised in the previous paragraphs, 
the conclusion is drawn that for a general standard procedure the malting 
method is to be preferred tr the scouring, since (i) the removal of day and 
fats is more effident, and (2) the blank corrections show a smaller variation 
between different growths of cotton. It is possible that the use of solvent 
extraction combined with the scouring procedure would result, not only 
in better removal of fats, but also in better removal of clay as a direct con- 
sequence. 

In the particular form of the malting method adopted for the experi- 
mental work described, the doth, after solvent extraction and wadiing, 
was allowed to lie overnight in malt extract in order to remove the starch. 
Subsequent work was directed towards a modification of, this method to 
make it as convenient and rapid as possible for routine purposes, and to 
improve still farther the removal of day. It has been found that the action 
of the malt extract, if combined with mechanical treatment of the material, 
can be reduced to fifteen minutes without sacrificing an}^thing in the complete- 
ness of removal of starch, and with an improvement in the removal of day. 
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A standard method for routine purposes is fully described on page T472, 
which consists in extraction for one hour with chloroform, a short impxegna- 
tion with '*diastafor** solution, and further washing in hot water. This 
method has been tested on the range of cloths previously used, and has 
been found to give as accurate results as the longer procedure. The mean 
blank correction adopted is 3 per cent. 

In order to secure results of equal accuracy by the scouring method 
it would be necessary— in the general case— to combine this, either with 
solvent extraction, or subsequent ashing of the desized cloth, or both, and 
the analysis would then occupy much more time than the standard malting 
method outlined above. The Thomson method in the simpfe form given 
by its author might yield fairly good results m many cases owing to a com- 
pensation of errors. Thus, the use of a desizing blank of 1% as recommended 
by Thomson himself gives a value for the total size content which, on account 
of the erroneous blank alone, would bfe on the average at least 3*5% too 
high. If the Thomson desizing method applied to medium and heavy 
sized fabrics fails to remove some 2% to 5% of the size ingredients (fats 
and clays), the total size would, on this account alone, be reported 2% 
to 5% low, so that the false blank and the incomplete removal of size in- 
gredients would result in partially self-compensating errors. This com- 
pensation docs not occur in the analysis of pure, lightly sized goods by 
the original Thomson method, and the errors are then very great if a de- 
sizing blank of 1% is used. 

EXPERIMENTAL DETAILS 

Methods of Desizing 

(i) Scouring Method — K piece of cloth in its loom state was weighed 
in its air-dry condition (approximately five grams), and heated for one 
hour at 80® C. with i% caustic soda solution, (200 cc.) in a 250 cc. conical 
flask the mouth of which was closed with a pear-shaped bulb. It was 
then washed and well wrung omder the hot water tap, similarly heated 
lor one hour with 0-5% hydrochloric acid solution (200 cc.) at 80° C., and 
again washed until free from acid. It was boiled for half an hour with 
distilled water, again washed, dried for some hours at no® C., and weighed. 
In order to take account of any China clay which the process might have 
failed to remove, the weighed, de-sized cloth was ashed in pastille form 
at a bright red heat and the weight of the ash determined. The weight 
of total size in the cloth was calculated from the loss of weight on desizing 
corrected for the residual ash (due to unremoved clay) and the desizing 
blank. The result was expressed as a percentage on the weight of the 
original oven-dry cloth, and for this purpose a moisture determination 
was made on a separate one-gram sample of the air-dry material. The 
method described differs from that given by Thomson not only in the addi- 
tional operation of ashing, but also in the use of a lower temperature (80® C. 
instead of 100® C.) and weaker acid (0*5% hydrochloric acid instead of i 
per cent). No serious claim can be made that the latter modifications 
represent either an improvement on, or a detriment to, the original method; 
they were adopted simply to preserve continuity with previous work in these 
laboratories. The ash content of unsized cotton after the prescribed treat- 
ment with alkali, acid, and water, is usually below o*i% of its weight, 
and only a small error is involved in assuming that the weight of ash in 
the desized cloth is equal to that of the unremoved clay, when aUowance 
is made for the loss of combined water suffered by the clay on igmtiQn. 
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(2) Making Method— ThR sample of cloth for analysis, weighing about 
five grams, was extracted for one hour with chloroform in a Soxhlet apparatus. 
The chloroform was allowed to dry off completely in the air, and the cloth 
wai well wa^ed and wrung in hot water. It was then allowed to lie over- 
night in 0*5% "diastafor" solution at 60® C., again thoroughly washed 
with hot water, and finally dried at no® C. and weighed. The weighed 
cloth was ashed in pastille form and the weight of the ash determined. 
The size content of the cloth, again referred to the original oven-dry material, 
was calculated from the loss of we^ht on desizing corrected for residual 
ash (clay) and desizing blank. The ash content of unsized cotton after 
the malting process — ^which does not include an acid treatment — is greater 
than the ash content after the scouring process, and a correction on this 
account is included in the mean value adopted for the desizing blank (see 
below). 

In both methods of analysis definite procedures were followed in the 
preparation of samples, and in the various washing processes. These are 
given in detail under the description of the method finally chosen as a standard 
^age T472). 

Desizing Blanks 

Eighteen weft or unsized warp yams representing many different 
varieties of cotton were submitted to the scouring and the malting treat- 
ments described above. The losses of weight experienced by them— their 


Table I — Desizing Blanks 





Malting blank % 


Ratio 

Malting blank 

Yam Sample No. 
and Quality 

Seoul ing 
blank 





/o 


0 > cr-all 

Blank due 

Scouring blank 




blank 


to Ash 



-Immcaw— 

Mean 

Mean 

Mean 


134, 25 's Texas 

3-44. 3-46 

3-5 

2-71, 2-42 

2*6 

0 * 21 , 0*21 

0*2 

0*74 

149, 36’s 

4-53, 4-56 

4-5 

3 34, 3*26 

3*3 

0*20, 0*25 

0*2 

0*73 

168, 30’s „ 

4-45, 4-43 

4.4 

3*31, 3-22 

3*3 

0*17, 0*18 

0*2 

0*75 

188, 28’s „ 

4-51, 4-82 

4*7 

3-22 

3*2 

0*22 

0*2 

0*68 

222, 36's 

4-29, 4-22 

4-3 

3*16, 3*12 

3*1 

0*19, 0*19 

0*2 

0*72 

212, 20 ’s Memphis 

4*60, 4*62 

4-6 

3*11, 311 

3*1 

0*19, 0*21 

0*2 

0*68 

Egyptian — 

]&, 2/50 Sakel .. 

5-00, 5-10 

5-1 

3*29, 3-41 

3*4 

0*24. 0*22 

(h 2 

0*67 

129, 2/50 Uppers .. 

4'47, 4-58 

4*5 

3*00, 3 07 

3*0 

0*25, 0*29 

0*3 

0*67 

130, 2/50 Sakel 

5 02, 5-18 

5*1 

3-44, 3-62 

3*5 

0*23, 0*26 

0*2 

0*69 

229, 40's „ 

South American — I 

5-10, 5-20 

51 

3*36, 3-30 

3*3 

0*20, 0*23 

0*2 

0*65 

152, 2/50 Brazilian 

5*18, 5-39 

5-3 

3*92, 3*70 

3*8 

0*23, 0*19 

0*2 

0*72 

153, 2/50 Peruvian 

4-31, 4*10 

4*2 

3*28, 2*96 

3*1 

0 * 20 , 0*18 

0*2 

0*72 

213, 20's Tanguis .. 
Indian, Native — 

4-27, 4*56 

4.4 

3*03, 3*06 

3*0 

0 * 20 , 0*22 

0*2 

0*68 

141, 16'8 Broach .. 

6*31, 6*37 

6-3 

4*57, 4*33 

4*5 

0 * 22 , 0*20 

0*2 

0*72 

202, 20's Surat 

J ndian-A men can — 

7*10, 7-22 

7-2 

5*09 

5*1 

1 

1 

0*24 

0*2 

0*71 

196, 30’s Punjab .. 

4-58, 4-47 

4-5 

3*27, 2*93 

3*1 ' 

0*25, 0*24 

0*2 

0*69 

East African — 






9 


169, 30*8 

Miscellaneous — 

6*13, 6 07 

6*1 

4*58, 4*41 

4*5 

0*23, 0*29 

0*3 

0*74 

100 , 20’8 

3-61, 3*92 

3-8 

2*77, 2*67 

2*7 

0 * 20 . 0*21 

0*2 

0-71 

Means 


4*9 

1 

3*4 

0*2 

0*70 
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desizing blanks — are given in Table I, expressed as percentages on the 
weight of the treated cotton. The final ashing operation was not included 
in the scouring treatment since the percentages of ash in, an unsized grey 
cotton which has been treated with hot caustic soda, hydrochloric add, 
and distilled water is negligible for the purpose of this analysis. With 
the malting method the ashing operation was induded, and the Table 
shows what proportion of the total blank correction is due to residual ash. 

Comparison of the Two Methods of Analysis 

Ten cloths containing different amoimts of total size varying from 
to 30% on the weight of the cloth, or roughly 10% to 80% on the weight 
of the warp, were analysed both by the scouring and the malting methods 
described, and the results arc given in Table 11 . No unsized warp yams were 
available as controls, and the mean values of the desizing blanks for 
American and Egyptian cottons — 4*6% and 3*2% — ^were used as corrections. 

On the average, the malting method yielded a value for the total size 
content 0-3% higher than that given by the scouring method, the maximum 
difference being 17% in a cloth (No. 42/1) which contained a very high 
proportion of fats, namely 27% on the weight of the cloth. When the 
amount of fatty material on the cloth was low (samples 36/3 and 45) the 
scouring method occasionally gave the higher value. In general, the results 
of duplicate measurements arc in better agreement when carried out by 
the malting than by the scouring method although this is not very well 
illustrated in the Table. When two duplicate determinations are made 
side by side by the scouring method the results are usually in good accord, 
but entirely independent determinations done at different times frequently 
show much greater discrepancies. This does not apply to the malting 
method, and independent measurements are usually in reasonable agree- 
ment, such differences as are observed being more probably due to variable 
sizing than faults in the method. Considerable differences undoubtedly 
occur at times in the size weighting from place to place in the same cloth. 

Table II — Comparison of the Two Methods of Analysis 


Clotli 

No 

1 Total Size, % 

Scouring Malting 

method (I) ' method (2) 

1 

Clay jn 
Original 
Cloth % 

Ihneicntt 
(2)-(l) 1 

C Jay remaining in desized 
cloth before ashing, % 

Scouring Malting 

1 method method 

26/5 

Meani 
24-4, 22-7 23-6 

1 Mean 

24*1,24 0 24*1 

0*5 

11*9 

Mean 
2*6, 2*8 2*7 

Mean 

0*2, 0*2 0*2 

36/1 

20*3, 21-4 20-9 

121*0,21*9 21-5 

0*6 

11*0 

2*5, 2*7 2*6 

0*3, 0*3 0*3 

36/2 

22*5, 21 *8 22-2 

23*1, 22*5 22*8 

0*6 

. 10*9 1 

1 2*7, 2*9 2*8 

0*2, 0*6* 0*4 

36/3 

29-2, 28-4 28-8 

27*9, 28*2 28*1 

~0*7 

1 17*3 

3*9, 4*0 3*9 

0*2, 0*4 0*3 

42/1 

2M, 21-2 21*2 

22*7,23*1 22*9 

1*7 

1 10*8 1 

3*4, 3*2 3*3 

0*7, 0*3 0*5 

42/2 

11*3 

11*0,12*1 11-6 

0*3 

2*9 1 

M 

0*8, 0*6 0*7 

42/3 

22*8, 24*4 23*7 

24*0, 25*0 24*5 

0*8 

13*2 1 

3*9, 3*6 3*7 

0*6, 0*4 0*5 

44 

16*7, 16*8 16-7 

15*8, 16*2 16*0 

-0*7 

1 9*2 ' 

3*1, 3*0 3*1 

1*3, 1*0 1*2 

45 

46 

12*7 1 
51, 4*9 5 0 

1 12*3 

5*4 

-0*4 1 1*0 1 

0-4 — 

' 1 

0-6 

0*2 


The Removal of China Clay 

Table II also contains figures for the amount of China clay remaining 
in the cloths after desizing by the prescribed methods. This is equal to 
the ash content of the desized materials increased by 12% — the average 
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loss suffered by dry days on ignition (Smith*). In the case of the malting 
method, a small correction has been applied for the mean ash content of 
unsized yams after submission to the desizing treatment; this correction, 
obtained from Table I, is 0-2 per cent. The results show that the malting 
method is much more efficient than the scouring in removing clay, possibly 
on account of the more complete removal of fatty matter. The deter- 
minations of clay in the original cloths were made by the method described 
by Smith*. 

Removal of Fats in the Scouring Method (without Solvent Extraction) 

Three cloths containing considerable amounts of tallow as a size ingredient 
were desized by the scouring method. The amounts of fat in the original 
and in the desized cloths were determined by extraction with chloroform, 
the average value 0-5% being used as a correction for the natural fat and 
wax content of the unsized cotton. The following results were obtained, 
and they show that the scouring method may occasionally fail to remove 
1% or more of the fatty size ingredients — 

Qoth % calculated on the original weight of oven-dry cloth 

No. In original cloth In de-sized cloth 

42/1 2-7 1-2 

42/3 3-2 1*2 

26/5 2*8 10 

Standard Method for Total Size Analysis 

The results obtained show that the malting process is the more efficient 
desizing treatment. In a convenient standard method of analysis for 
routine work it is desirable, however, to reduce the time of the desizing 
operation to a minimum, and to secure such a complete removal of clay 
that subsequent ashing is unnecessary. In the following method, which 
was finally adopted, the material is immersed in the solution of malt extract 
(“diastafor*') for 15 minutes and is submitted to mechanical treatment 
during the malting. In the previous work the material was allowed to lie 
in the malting bath overnight, and it is chiefly in this respect, and in the 
omission of ashing, that the standard method now suggested differs from 
the experimental procedure first investigated (page T470). It will be shown 
later that the standard method secures very effective desizing, including 
the removal of clay. The detailed procedure is as follows — 

A square of cloth weighing roughly five grams is cut from the sample, 
as much care as possible being taken to cut parallel to the warp and weft 
threads. The sides of the square are trimmed to a complete thread and 
five of these are then pulled out all round the square so as to leave a fringe, 
which enables the sample to be handled without the loss of yam fragments. 
In the anal3^is of sized warp, a bundle of threads weighing about five grams 
is tied loosely round the middle, and particular care is taken to avoid the 
loss of loose threads during the washing operations. The sample (prepared 
square or yam bundle) is weighed in its air-dry condition and a separate 
sample of about one gram is weighed out for moisture determination. 

The material for anal)rsis is extracted for one hour with chloroform 
in a Soxhlet apparatus, and in routine work a number of samples may be 
loosely piled together in the extractor. The chloroform is allowed to dry 
off in the air and the cloth is well washed by alternate inunersion in hot, 
running water and wringing by hand twelve times in succession. It is 
then alternately immers^ in 0-5% diastafor solution (20 to 30 times the 
weight of cotton) at so"* C., and wrung by hand three times in succession, 
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finally being returned to the solution, which is then heated to 70 ® C. The 
cloth is allowed to remain in the solution for 15 minutes in all; it is then 
well washed in hot, running water exactly as before, dried at no® C. side 
by side with the sample taken for the moisture determination, and both 
are weighed. It is of importance in this short desizing process to secure 
good penetration of the ^astafor solution into the material, and this is 
achieved by hand wringing, which also assists the removal of clay. 

The size content of the material is calculated from its loss of weight 
on desizing, its moisture content, and the desizing blank, for which the 
mean value 3 % is adopted in the absence of unsized controls. In order 
to show clearly the basis upon which the blank corrections are made the 
actual laboratory record form of weighings and calculations in an analysis 
by the standard method is given below — 


Notes 


(1) Weighing bottle 

(2) Do. plus air-dry cloth (prepared square) 

(3) Air-dry cloth 

(4) Moisture contained in weight (3) of cloth (calculated 

from separate moisture determination) 

(5) Oven-dry cloth 

(6) Weighing bottle plus oven -dry dcsized cloth 

(7) Oven-dry dcsized cloth 

(8) Total size (uncorrected) 

(9) Blank correction 

(10) Corrected total size 

(11) % Total size on oven-dry cloth 


Weights 

( 1 ) 

( 2 ) 

(2) - (1) 


(4) 


(4) 

(3) 

* ( 6 ) 

(6) - (1) 

(5) -(7) 

3% of (7) 

(8) - (9) 

(10) X 100/ (51 


(1) The rational method of expressing the size content is on the basis 
of oven-dry material, since the weights of air-dry cotton and size depend 
on the fortuitous humidity conditions of the atmosphere when the sample 
is weighed. In this paper the oven-dry weight of the cloth in its loom 
state, that is, cotton and size, has been used as the basis for calculating 
results. It is of course also permissible, and in some cases convenient, 
to calculate size contents on the basis of oven-dry coUon in the cloth, that 
is, desized cloth plus the blank correction, or ( 7 ) plus ( 9 ) in the above form 
instead of ( 5 ). 

( 2 ) It is actually more convenient to dry the sample for analysis in 
the oven before weighing and analysing it since this yields directly the 
value of item ( 5 ) in the above form, avoiding the necessity for a separate 
moisture determination and the attendant calculation ( 4 ). This procedure 
is not permissible in the scouring method of analysis when the cloth contains 
zinc or magnesium chloride, since heating in the presence of these salts 
causes degradation of the cellulose and therefore results in abnormal losses 
of weight when the material is subsequently treated with hot alkali. In 
the malting method, however, which does not include a hot alkaline treat- 
ment, no serious error is caused by drying the sample before weighing and 
analysing it. 

( 3 ) When doth containing large quantities of zinc chloride is submitted 
to the action of the malt extract, the removal of starch may be incomplete 
owing to the effect of this salt in depressing the activity of malt enzymes. 
This source of error is avoided by the thorough washing of the doth between 
solvent extraction and malting. Traces of residual chloroform do not 
affect the efficient removal of starch by malt. 

( 4 ) The use of chloroform as a solvent avoids all Are risk. The same 
supply of chloroform can be used for many analyses without the separation 
of the fat which has accumulated from previous extraction. 
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(5) If unsized yams are available as controls, the true value of the 
desizing blank can be determined by submitting them to the prescribed 
desizing treatment. The required value is then given by item (8) expressed 
as a percentage of item (7), and should replace the average blank of 3% 
used for the correction in item (9). It will generally be sufficiently allcurate 
to adopt the mean value obtained for the unsized warp and the weft yams. 
The mean value recommended for general use when no controls are available 
(3%) is that obtained from the examination of American and Egyptian 
cottons (Table I) but, in view of the absence of an ashing operation, it does 
not include the small ash correction (0*2 per cent). 

The standard method described above has been tested on the range 
of cloths previously used in this work, and Table III contains a comparison 
of results obtained (i) by the standard method, (2) by the longer malting 
treatment first investigated, which included ashing, and (3) by the scouring 
method; the last two are taken from Table II. Table III also contains 
determinations of residual clay in the samples submitted to the standard 
method, and shows that the omission of an ashing operation is justified. 
The difference between the results obtained by the standard method and 
the longer malting process is negligible with two exceptions, and in view 
of the probable variations of size content existing in one and the same cloth, 
the standard method gives as accurate results as are likely to be attained 
without special sampling over long lengths of cloth. 

Table III — Comparison of the Standard, with other Methods of Analysis 


Cloth 

No. 

Standard 

Long 

^ S( ounng 

Ditfcrence 

C'lay lemaining in 
cloth desized by 

malting 
method ( J ) 

malting 
method (2) 

1 method 

(2) - (1) 

j standard method, % 

26 '5 

23-3 

241' 

23-6’^ 

(Fb’ 

().l 

36/1 

21-3 

21-5 

1 20-9 

0-2 

0*1 

36/2 

21-7 

22-8 1 

1 22-2 ' 

M 

0*1 

36/3 

28- 1 

28* 1 

1 28*8 

00 


42/1 

22-7 

22-9 

21-2 

0-2 

' 0*1 

42/2 

11-6 

11-6 

11*3 1 

0*0 

0*1 

42/3 

24-2 

24-5 ' 

23*7 ' 

0*3 

0*2 

44 

161 

16-0 

16-7 

-0*1 

0*4 

45 


12-3 1 

12-7 





46 

5-8 

5-4 ' 

' 50 

-0*4 



The Determination of Filling in Finished Material 

The method described above for determining the proportion of size in 
grey or loom-state material can also be used for determining the proportion 
of filling in finished (bleached, dyed, printed, etc.) cotton. Since, however, 
the natural soluble constituents of cotton are removed more or less com- 
pletely by any wet process, no correction corresponding to the desizing 
blank should be applied. In the absence of a control sample, it is impossible 
to prescribe a general correction, which must in any case be small, and 
must be neglected altogether in essentially proximate analysis. 

As with size analyses, the procedure can often be simplified when some- 
thing is known of the qualitative nature of the filling. 
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35~THE DETERMINATION OF STARCH IN SIZED AND 
FINISHED COTTON GOODS 

By Robert George Fargher, D.Sc., and Leslie Vincent Lecomber, B.Sc. 

(The British Cotton Industry Rescaich Association) 

INTRODUCTION AND SUMMARY 

The determination of starch in yam or cloth is essential for any control 
or experimental work on sizing, desizing, or finishing, and for cloth analysis, 
particularly when it is desired to ascertain the ratio of antiseptic to starch. 
Despite its importance, however, the method of determination adopted 
is almost invariably indirect, the figure returned as starch being the total 
size or filling less the other ingredients which are found by analysis to be 
present, so that any error in the analysis is reproduced in the starch content. 

Experiments were therefore initiated to find a more reliable and expedi- 
tious procedure. The most promising line of attack seemed to lie in converting 
the starch into glucose by a .suitable mixture of diastases, and so obviating 
interference by other carbohydrates (gums, mucilages, etc.). Takadiastase® 
and a mixture of pancreatic and msdt amylases* have been claimed to do 
this. With the former, complete conversion was never attained, but with 
the related commercial preparation,* Polyzime P, maize, wheat, rice, potato, 
and other starches were hydrolysed completely to glucose. When the 
reaction was applied to sized yams and grey cloths, however, only about 
nine-tenths of the starch was realised as glucose, and as it had been found 
that the method would in any case be inapplicable when zinc chloride was 
present, it was abandoned in favour of the alternative procedure of hydrolysis 
with acids. Hydrolysis with enzymes may be of definite value, however, 
when the identity of the carbohydrates in a grey or finished cloth is in 
question. 

The alternative method is based on an earlier observation^ that the higher 
the temperature the more rapid is the hydrolysis of starch by dilute mineral 
acids relative to that of cotton. It is possible, therefore, to convert starch 
completely to glucose before hydrolysis of the cotton on which it is deposited 
has gone beyond the very early stages, and, when the conditions are strictly 
controlled, to obtain a fairly exact and reproducible estimate of the amount 
of starch present. The actual procedure is to heat the sample for 2j hours 
with N/i sulphuric acid in an actively boiling water bath and to determine 
the glucose formed by the method of Hinton and Macara’. An alternative 
and more specific reaction — conversion of the glucose into carbon dioxide 
by fermentation with yeast® — failed to give anything approaching qimnti- 
tative results, although a variety of conditions were tried. 

llic method is therefore similar in general outline to one described by 
Derrett-Smith® quite recently for use with linen goods, but it differs in 
several important details. Derrett-Smith varies the size of the sample 
used for analysis according to the quantity of starch it contains, and since 
for the range of starch contents commonly found in cotton goods the size 
of the sample will be from 0*05 to 0-25 gram, variability of the material 
must lead to very considerable errors. To avoid thi.; it is desirable whenever 
possible to hydrolyse larger quantities of carefully sampled material and to 

•Several widely advertised proprietary preparations both for desizing (such as 
Polyzime P) and for sizing or finishing (such as Blandola, Gum Gatto, Gum Tragon, 
and Muciline) are mentioned in this memoir The authors do not express any opinion 
as to the advantages or disadvantages arising from their use. 
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determine glucose in an aliquot part of the resulting solution. The two 
methods also differ in the procedure selected for determination of the glucose. 
Derrett-Smith employs the Schwalbe-Braidy solutions used in these labora- 
tories to determine the “copper number" of cottons^ or of starches®. For 
routine analysis, however, the iodometric procedure is preferred on account 
of its greater simplicity, speed, and range. As both methods are referred 
to frequently throughout the paper, it will be convenient to distinguish 
them briefly as the “copper" and “iodine" methods respectively. 

A correction must be applied for substances present in the cotton, or 
formed from it by the action of the acid, which react with the iodine or 
copper solutions, and the value of the method will depend on (a) the repro- 
ducibility of such “blank" determinations, (6) the variability of the correction 
for different cottons, and {c) the behaviour of carbohydrates other than 
starch and its derivatives. This last is generally unimportant in the analysis 
of sized goods, where gums, marine sizes, etc., are rarely used in more than 
minute quantities, but may sometimes be important in the analysis of 
finished cloths. 

A series of determinations by the iodine method on one unsized cotton 
over a period of several months gave a maximum deviation from the mean 
corresponding to 0*2% of starch. This is probably due to inevitable slight 
variations in the temperature of the bath and would not arise when the 
blank determination is being made on the corresponding unsized material 
or when a standard blank is included in each series of analyses (see page T480) . 

For a series of 28 unbleached cottons of different origin the blank 
varied less than in either of the indirect methods of analysis described in 
the preceding Memoir* (Table II), and with cottons other than Indian the 
maximum error introduced into either the “iodine" or “copper" determina- 
tion by the use of a mean correction value is 0 4 per cent. With native 
Indian cottons the error introduced by the assumption of a mean blank 
is liable to be greater. It is about the same in the “iodine" determination 
as in the “malting" method of determining total size*, and rather smaller 
in the “copper" determination, but in all three it is less than in the “scouring" 
method of determining total size*. When it is known that the cotton is 
Indian, a more suitable blank correction may of course be employed. 

Blank determinations have also been made on a number of cottons 
scoured with 1% caustic soda at 20 lb. excess pressure. Excluding native 
Indian cottons the maximum variation from the mean proved to be 0*3% 
in the “iodine" method and 0-15% in the “copper" method. The native 
Indian cottons showed rather greater divergences. The values for samples 
scoured with 1% caustic soda at 100® C. or with 3% caustic soda at 40 lb, 
excess pressure differed only slightly from those obtained with the same 
cottons after scouring at 20 lb. excess pressure. The variation from cotton 
to cotton becomes smaller, however, the more severe the scouring treatment. 

In the indirect methods of analysis, glycerin, gums, marine sizes, gelatin, 
gluten, and the non-volatile products formed from starch or gluten during 
the fermentation of wheat flour are generally returned es starch. Several 
substances occasionally used in sizing or Wishing have been submitted 
to the procedures adopted in the present experiments (Table VI) because 
the simple methods employed for the determination of glucose are not specific 
and embrace some of the products formed from them by the action of acids. 
Glycerin does not interfere with either method and the “starch equivalents" 
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of g^tin and gluten are n^ligible in the "copper" method and relatively 
low in the "iodine" determination. The gums (tragacanth, tragon, gatto 
and mudline) react in both as if they contained an amount of star^ at 
least equal to that present in wheat flour, whilst the seaweed products (Irish 
moss and Blandola) give intermediate values. The starch content of wheat 
flour differs only slightly from the theoretical value on account of the low 
starch equivalent of the gluten. Obviously, therefore, the method is liable 
to error if carbohydrates other than starch are present. 

The use of the method in cloth analysis is illustrated by Tables VII and 
VIII. The first of these contains comparative measurements by the direct 
method and the "scouring" procedure on a series of plain sized warps of 
which the unsized yam was available. The results agree so closely that 
it is difficult to understand Derrett-Smith's* failure to obtain values in 
agreement with the "copper" method by desizing bleached and starched 
linen fabrics with enzymes. In the second are given direct and indirect 
determinations of starch (or flour), in a series of cloths containing starch 
or wheat flour (fermented or steeped) admixed with fat, magnesium chloride, 
zinc chloride or other antiseptic, and China clay. The results are again 
m substantial agreement. 

It may be concluded, therefore, that the direct method affords a more 
rapid and, on the whole, more accurate determination of starch than any 
hitherto available for use with cotton goods. 


EXPERIMENTAL 

1 ~ Comparison of the “Iodine” and “Copper” Methods for Determining 
Glucose 

Table I 


Weight of 

N/20 Iodine, c c 

used 

1 *V/25 permanganate, c c used 

glucose 

r.ilc for 0-01 

1 

CaJe. lor 0-01 

(gram) j 

Total 

gram 

Total 

1 gram 

00025 , 

()-54 

2-16 

' 1-47 

5-88 

0-0050 

1-09 

2-18 

1 4-87 

9-74 

0-0075 


— 

8-13 

10-84 

0-0100 1 

2-22 

2-22 

1 11-54 

1 11-54 

0-0125 1 

- 

- 

14-42 

11-54 

0-0150 

3-31 

2 21 

17-61 

11-74 

0-0175 

- 


20-42 

11-67 

0-0200 

4-43 

2-22 

23-11 

11-55 

0-0225 

I 

- 

25-78 

11-46 

0-0250 



1 28-89 

11-56 

0-0275 

[ 


' 31-05 

11-29 

0-0300 

1 6-71 

2-24 

33*33 

11-11 

0-0325 

1 

— 

' 34-92 

10-74 

0-0350 



:i6-67 

10*48 

0-0375 1 




39-49 

10-53 

0-0400 

9-03 

2-26 

1 

— 

0-0500 

11-06 

2-21 


-- 

0-0600 

13-33 

2 22 

— 

- 

0-0700 

, 15-40 

2-20 

- 

— 

0-0800 

1 16-51 

2-06 

- 

— 

0-0900 

i 16-78 ' 

1-86 



0-1000 

1 17-36 1 

1-74 

1 


_ - 

1 __ _ 

— - 


- 


The experimental procedures described in the following section were 
used, a solution of glucose (50 c.c.) replacing the hydrolysate from the sample 
under test. The results (Table I) clearly demonstrate the greater range 
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of the "iodine" method, which may be used for any quantity of glucose 
that uses up less than three-fifths of the iodine added in the determination, 
that is, any quantity up to 0*07 gram. The range of the "copper" method 
is much smaller, for the titration with iV/25 potassium permanganate should 
not be less than 10 c.c. or more than 30 c.c., equivalent to 0*01 gram and 
0*025 grani of glucose. Within this range, which is rather smaller than is 
suggested by Derrett-Smith^, the weight of reduced copper corresponds 
to a consumption of 4 atoms of oxygen to each molecule of glucose. The 
oxidation proceeds therefore, considerably further than in the "iodine" 
method, where one atom of oxygen is used to each molecule of glucose. 
The lower limit is not important, for titrations of less than 10 c.c. are but 
rarely encountered; the upper limit is important, however, and is fixed 
not only by the fall in the titre but also by a loss of concordancy in duplicate 
tests. In determining the "copper number" of cottons^ or of modified 
starches®, the weight of reduced copper becomes very nearly constant 
only after heating for 3 hours. With glucose, however, the reaction is 
completed more rapidly, and Derrett-Smith's observation that nearly 
constant values are reached after heating for half an hour is confirmed; 
the following figures were obtained, for example, with solutions containing 
0*0175 gram, of glucose — 


JSr/25 permanganate, c.c. used 


Time of 


Heating 

Total 

Calculated for 

0-01 gram 

30 minutes 

19-68 

11-24 

60 minutes 

19-68 

11-42 

120 minutes 

20-20 

11-56 


2 Procedure for the Determination of Starch in Yams or Fabrics 

A sample weighing about 10 grams is cut into small pieces (f in. x | in.), 
thoroughly mixed, and the moisture content determined on a i gram portion. 
At the same time, 2*5 gram is weighed out, placed in a 100 c.c. conical flask, 
and wetted out by heating just to boiling with 60 c.c. of water; the neck 
of the flask is closed with a combined glass pear bulb and stirring rod. After 
cooling, 20 c.c. of 4iV’ sulphuric acid is added and the flask is placed in a 
rapidly boiling water bath for 2 J hours, the contents being stirred vigorously 
for the first three minutes in order to promote the escape of air and to bring 
them rapidly and uniformly to the temperature of the bath. The flask is 
cooled again, the mixture filtered through a 2 in. Buchner funnel, and the 
cotton washed repeatedly with water (100 c.c. in all); 19 c.c. of 4iV sodium 
hydroxide is added slowly from a burette or pipette to the filtrate, with 
vigorous agitation to prevent the solution from becoming alkaline locally, 
and the whole is made up to 250 c.c. Glucose is estimated in this solution 
as follows — 

Iodine Twenty-five c.c. of the solution is titrated with iV/2 

sodium hydroxide. The glucose is then determined in a 50 c.c. portion by 
adding 25 c.c. of Njzo iodine solution followed by the volume of NI2 sodium 
hydroxide required to neutralise (as determined on the 25 c.c. portion) 
plus 3*12 c.c. The sodium hydroxide must be added slowly with constant 
Shaking. In this way the exact ratio of sodium hydroxide to iodine specified 
by Hinton and Macara^ is maintained. After standing for 10 minutes 
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at 20® C., the solution is acidified by adding i*6 c.c. of 4iV sulphuric acid, 
and the excess of iodine is titrated with iV/20 sodium thiosulphate. It is 
convenient to carry out the estimation in a 250 c.c. glass stoppered bottle. 
If more than three-fifths of the iodine is used up by the glucose, the titration 
must be repeated using a 25 c.c. portion of the solution, whilst if the volume 
of the iodine solution used up is very small, a more accurate result is obtained 
by repeating the titration with a 100 c.c. portion. It should, however, 
be unnecessary to vary the volume unless the starch content of the sample 
is greater than 10 per cent. The reducing substances produced from the 
cotton itself may be allowed for by the use of the mean blank correction 
as determined on page T480. Alternatively a sample of the unsized yarn 
or other suitable blank may be treated as described abovp. Where the 
size is not essentially starch the approximate size content must be determined. 

The result is calculated as follows — If T c.c. of Njzo iodine are used up 
by I gram of the sized sample containing x per cent of moisture, then i gram 
of the dry sample will require — 

looT 

c.c. = T 

100- X 

Similarly if t c.c. of A^/20 iodine are required by i gram of the blank 
containing y per cent of moisture, then i gram of the dry blank will require — 

= 8*15 c.c. if the mean correction value for grey cotton 

loo-y used or 4*31 c c., using the corresponding value 

for scoured cotton. 

Then S, the starch content per cent., is given by— 

S _ 0.4.7 \t'- .'^ 5 -"’-^^ 

where c is the total size per cent, and i c.c. of NI20 iodine is equivalent 
to 0-00405 gram of pure starch or to 0-00417 gram of an average commercial 
starch. 

Copper method — As the final titration with A^/25 pota^sium permanganate 
should not be less than 10 c.c. or more than 30 c.c the quantity of the solution 
used for anal5^is depends on the starch content of the sample of yarn or cloth 
If it contains less than 2 \% of starch a volume of 50 c.c. is used; if it contains 
from 2 \ to 8% of starch the volume is icduced to 25 c.c., and if it contains 
more than 8% the quantity is still smaller. If the volume of the hydrolysate 
used is less than 50 c.c. it should he made up to that volume before proceeding 
with the analysis (Solution C). The following procedure is recommended— 
Solution A — Piire copper sulphate (CuSOj 5H,0) 100 grams; water to 1 litre. 
Solution ii — Anhydrous sodium carbonate, 130 grams; sodium bicarbonate 
50 grams; water to 1 litre. 

Solution C is placed in a conical flask of about 120 cc. total capacity 
and brought to the boil. Nine grams of a mixture of sodium bicarbonate 
(50 parts), and sodium carbonate (130 parts) are added to 45 c.c. of solution 
B, and 5 c.c. of solution A introduced by means of a pipette. The mixture 
IS raised to the boil, poured rapidly into solution T and thoroughly mixed 
with it by means of a combined glass pear bulb and stirring rod. The fla.sk 
IS then immersed to the neck in an actively boiling water bath and heated 
for I hour. The precipitated cuprous oxide is collected in a sintered glass 
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funnel containing a pad of finely shredded asbestos, as described by Derrett- 
Smith, or in a small Buchner funnel containing a douUe layer of Whatman 
filter paper No 44, covered with purified finely shredded asbestos. The 
analysis is then completed as described by Gibbens and Geake.^ The result 
is calculated as follows — ^If T c.c. of NI25 permanganate are used up by 1 gram 
of the sized or filled sample containing x per cent of moisture, then i gram 
of the dry sample will require — 


lOoT 

loo—x 


c.c.=r 


Similarly if i cc. of 2V/25 permanganate are required by i gram of the blank 
containing y per cent of moisture, then i gram of the dry blank will require — 


- - c.c. = ( — 30-5 c.c. if the mean correction for grey yams is 

100— y Qj. 20.1 cc. if the mean correction for scoured 

yams is used. 


Then S, the starch content per cent., is given by — 

s = 0-082 r r- r 

L 

where c is the total size or filling per cent and i c.c. iV/25 permanganate 
is equivalent to 0*00078 gram pure starch or 0*00082 gram of an average 
commercial starch. 


3 — ^Reproducibility of Blank 

Duplicate determinations by the “iodine'' method on one cotton made 
in the same bath gave values which were almost identical, but over a period 
of several months, using several baths, the values varied slightly. The 
extent of this variation is indicated by the following values for the starch 
equivalent of Texan yam 222, thoroughly washed with water, obtained 
at intervals over a period of three months. 

Starch Equivalent (per cent,) 

2*30 ?*44 2*47 2-48 2*58 ) Mean value, 2*46 per cent. 

2*34 2*40 2’33 2*40 2*56 [ Maximum variation from mean 

2*50 2*46 2-40 2*68 2*58 J value, 0*2 per cent. 

The slight differences are probably due to inevitable slight variations 
in the temperature of the bath, and can be avoided by including a standard 
blank in each series of samples to be tested. 

4— The Starch Equivalents of Different Cottons 

Gr^ yams — ^Where the unsized cotton is not available, a mean blank 
figure obtained from several varieties must be used. This has been obtained 
by measurements on a series of 15 cottons of different origin, which had 
already been employed for the same purpose in the determination of total 
size by the “malting" and “scouring" methods (Table II). From these 
figures and a number obtained with other cottons which are included in 
the table, it is evident that the maximum error introduced by the absence 
of unsized material for comparison is 0*4 per cent, save in the case of native 
Indian cottons which give higher blanks in all three methods of analysis 
than American and Egyptian cottons. If it is knownHhat the sample has 
been manufactured fr^ Indian cotton a more suitable correction value 
may be used. The error introduced by the absence of an unsized sample 
is rather smaller on the whole than in the treatment with malt, which has 
been selected^ as the most suitable for indirect analysis. 
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Table II 

A Comparison of the Blanks in Different Methods of Size Analysis 


Blank corresponds to starch (%) on dry sanxple 


('otton 

1 

Direct 

— 

* 


1 

- 

.. _ 

Malting 

St on ring 


1 

UmIiiic 

Coppei 



188 Texas 

' 

3-2 

_ 

3-2 

4-7 

134 Texas 


3-6 

- 

2-6 

3-5 

149 Texas 

• • • . . 1 

31 

2-1 

3-3 

4-5 

222 Texas 

1 

30 

21 

31 

4-3 

168 Texas 


31 

2-4 

3*3 

4.4 

212 Memphis 

1 

30 

2-3 

31 

4-6 

213 Tanguis 


3-4 

2-7 

3*0 

4.4 

196 Punjab- American 

1 

31 

2-5 

31 

4-5 

1 69 East African 


3*6 

2-8 

4-5 

61 

130 Sakel 


3-7 , 

2-9 

3*5 

5*1 

219 Sakel 


3-8 

2-9 

3*3 

51 

128 Uppers ... 


3-6 

2*4 

3-4 

51 

129 Uppers 


3*4 

2-6 

30 

4*5 

202 Surat 


4-9 

3-5 

5-1 

7-2 

141 Broach ... 

... .. , 

4-6 

3-2 

4-5 

6-3 


Mean 

3-5 

2-6 

3*5 

5*0 


Kangi 1 

30— 4-9 

21 3*5 

2*6— 51 

3-5 -7*2 

Mean of all the abo\ 0 

cottons other! 





than native Indian 

... 

3-4 

2-5 

3-2 

4-7 


Kringf 1 

3-0— 3*8 

21 2*9 

2 .g „4 5 

3*5 61 

255 Sakcl 


3-8 

2-7 



1,*>9 Sea Island 


3-4 




- Periiam 

... 

3-5 




64 Oara 


3-2 




— Smooth Peruvian 


3-8 




— Australian 


3-2 




148 Sakel 


3-6 




158 Uppers 


3-3 




49 Mitahh 


3-2 




73 Brown Mitafili , . 


3-7 




13 Broach ... 


51 




3 Oomra 


3-8 




9 Bengal 


4-2 




1 Surtec 


50 





Desizing — Where technically desized samples are being examined, the 
blank can be prepared from the fent itself either by (a) steeping overnight 
at 40° C in a 0*5% solution of Takadiastase, foDowed by thorough washing, 
or (h) steeping overnight in a 0*5% solution of malt extract at 55® C, washing, 
rinsing in iV/50 acetic acid to remove products abvSorbed from the malt, 
and fmally washing in water. 

Scoured yarns — Determinations on a scries of yams scoured at 20 lb. 
excess pressure with 1% caustic soda are given in Table III. For cottons 
other than native Indian, the maximum error introduced by the assumption 
of a mean blank is 0*3% for the **iodine” method and 0*15% for the 
''copper” method. The effect of variation in the scouring process is illustrated 
by Table IV, which shows that the differences between samples scoured 
with 1% caustic soda at 100^ C., with 1% caustic soda at 20 lb. excess pressure, 
and with 3% caustic soda at 40 lb. excess pressure are relatively small, and 
indicates that as the severity of scouring is increased, the variation from 
cotton to cotton diminishes. 
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Table III 

Starch Equivalents of Scoured* Yams 


Sample 


Starch equivalent (%) 

iodine method ('opper method 

222 Texas 

... 

1-8 

1 *6 

149 Texas . . 


1-6 

1-5 

168 Texas 


T5 

1*6 

212 Memphis 


1-6 

1*5 

213 Tanguis 

... 

1-9 

1-7 

196 Punjab Anieruan ... 

.. 

1-6 

1-6 

169 East African 

... 

1-7 

1-6 

255 Sakel 


21 

1-8 

130 Sakel 


1-9 

1-7 

219 Sakel 


1-9 

1-7 

128 Uppers 


1-8 

1-8 

129 Uppeis 


1-7 

1-7 

141 Broach 


2-4 

2-0 


Mean 1 

IS 



Range ' 

1*5 2-4 

' 1-5 2-0 

Mean for idl samph's otluT 

than natixe Indian! 

1*8 

1(S5 

Range ^ 

1-5- 21 

1-5— IS 

♦ Scoured at 20 lb excess 

piessiiie with 1% c. 

lustic soda 



Table IV 

Starch Equivalents of Scoured Yarns. Effect of Variation in Scourin^l 

Process 


Sample 


222 lexai> 

Washed with water 

Scoured with 1% NaOH at 100 ( 

Scoured with 1% NaOH at 20 ll>. excess jiressure 
Scoured with 3% NaOH at 40 lb excess jiressure 

255 Sakel-^ 

Washed with water 

Scoured with 1% NaOH at 100^ C 

Scoured with 1 % NaOH at 20 lb excess pressure 
Scoured with 3% NaOH at 40 lb. excess pressure 

141 Broach 

Washeii with water 

Scoured with 1% NaOH at 100 ( 

Scoured with 1 % NaOH at 20 lb. excess pressure 
Scoured with 3% NaOH at 40 lb excess pressure 


5 — The Starch Equivalents of Commercial Starches and Flours 

In Table V are given the apparent starch contents of a number of commer- 
cial starches and flours obtained from industrial sources, as determined 
by the '"iodine" and "copper" methods after the standard hydrolysis pro- 
cedure already described. These have been used to determine the mean 
equivalents for commercial starches given on pages T479 and 1480. 


I Starch equivalent (%) 

I Iodine method 1 (‘opj>er method 


2-6 

1-95 

1-8 

1*5 

1'8 1 

1 1-6 

1-7 , 

1 

bO 

3-2 1 

2-4 

2-2 , 

1*8 

21 ' 

1-8 

1.9 1 


3.7 1 

2-9 

2-5 1 

2-2 

2-4 ' 

2-0 

2-0 1 

1-8 



Finished Cotton Goods — Fargher and Lecomber 


^483 


Table V 

Starch Equivalents of Commercial Starches and Flours 


Sample 


Maize starch (2 samples) .. 
Farina (7 samples) 

'J'apioca starch 

Sago starch 

Wheat starch (2 samples) 

Rice starch 

Wheat flour (3 samples) .. 


Starch equivalent (%) 


Iodine method 

i Copper method 

07-4, 95-9 

94-7 

97‘9, 98-1. 99*0, 98-3 

96-6 

97-6. 97-7, 98 1 

96-0 

95-7 

97-:i 

930 

96 S. 96-6 

922 

96-1 

95-5 

s;-4, 87-6, 86*9 

78-4 


\'alues in italics were obtained on the same sample by the two methods 


6— Starch Equivalents of Other Substances that may be Present in Size 
Mixings or Finishing Pastes 

The substances given in Table VI have been submitted to the standard 
hydrolysis proccdun* and their apparent starch equivalents determined. 
Glycerin does not interfere with either method. Gelatin and gluten do 
not interfere with the ‘"copper** method but give low values in the “iodine" 
method. Any gums present are, however, estimated substantially as 
starch, whilst Irish moss and J^landola interfere to a less extent. 

Table \T 

Starch Equivalents of Other Substances which may be Present in Size Mixings 


Stanb equivalent (%) of drv substame 




Iodine method 

' Copper method 

(iuia tragacantli 


HS 

54 

Gum tragon (Tiug.isol) 


83 

87 

Gum gatto, supei 


8fi 

91 

Muciline 


8.3 

85 

Irish moss . . 


.50 

35 

Blandola 


53 

34 

Gelatin ... 


27, 17 

nil 

Glvccrin 

... 

3 

nil 


7 A Comparison of Direct and Indirect Starch Determination 

The determinations given in Table VII afford a very satisfactory check 
on the validity of the direct starch determination in presence of cotton, 
for the samples were pure sized without the addition of fat, and unsized 
yams were also available. The indirect determinations were made by the 
“scouring** method, and the values obtained by the two methods are in 
very good agreement. 

In the second series (Table VIII), unsized reference samples were not 
available, so the “malting** method was used to determine total size. The 
starch (or flour) contents were obtained indirectly by determining the other 
constituents of the size mixings, and subtracting these from the total size. 
Starch was determined directly by the procedure already outlined, and, 
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TaUto VII 

Direct and Indirect Starch Eetimatlone on Warps Sized Pure without Fat 


Starch content (per cent) 


Sago lA 

Sample 

1 

15*8, 

Direct 

160 

Mean 

15-9 

Indirect 

15-9, 16* 1 

Mean 

16-0 

Sagol ... 
Sago 2 ... 



16*5. 

16*5 

16-5 

16-5. 16-5 

16*5 



10*8, 

10-5 

10-7 

10-3, 10-8 

10-6 

Maize 1 



12*6. 

12*5 

12-6 

12-6. 12*2 

12*4 

Maize 2 



8‘0. 

7*8 

7-9 , 

7-6, 7-7 

7*7 

50 



1 9 * 6 . 

100 

9*8 

10*1, 10-2 

10*2 

52 



' 8-9, 

9*2 

9*1 

9*4. 9-3 

9*4 

49 



10*7, 

10-8 

10*8 ' 

11 1, IM 

111 

51 



9-6. 

9*2 

9*4 

9*5, 9-5 

9*5 

57 


• • • 

21*2. 

21*2 

21-2 

21*9, 22-2 

22*1 

58 


1 

' 18*8, 

19-2 

19*0 

19-8, 19-8 

19*8 

60 



17*9. 

18*2 

18*1 , 

18-0. 18*2 

181 


Table Vlll 

Direct and Indirect Starch Determinations on Samples Containing Chlorides, 
Antiseptics, and Clay, in Addition to Starch or Flour 


Mixing Total 
Sample contains size (%) 


26/5 fioiir 24-1 

36/1 .. 21-6 

36/2 22-8 

36/3 ‘ .. 281 

42/1 .. 22-8 

42/3 24-4 

55/1 14-8 

55/2 15*4 

55/3 10-8 

48 25-8 

45 170 parts 
tlonrtollO 12-3 
parts sago 

42/2 sago 11*5 

46 sago and 

farina 5*4 

40 starch 3-1 


Total con- 


stituents 

Starch or 

other than 

flour (by 

starch 01 

difTercncc 

flour (%) 

(%) 

16*8 

7-3 

13*7 

7*9 

13-4 

9*4 

20*0 

8*1 

15*2 

7-6 

17*8 

6*6 

2-6 

12*2 

3*9 

11*5 

1*4 

9*4 

17*9 

7-9 

1*5 

10*8 

5*8 

5-7 

1*5 

3*9 

0-3 

2*8 


Starch 

Flour cal- 

(%) 

culated from 

(direct) 

direct 


starch (%) 

6*5 

7*3 

6*1 

6*9 

7*3 

8*2 

7*6 

8*5 

5-6 1 

6*3 

6*0 1 

6*7 

10*9 ! 

12*3 

10*8 

12*2 

8*3 

19*3 

5*8 

6*5 

10*4 

11*2 

5*7 

- 

4*0 

. 

2*7 

— 


Table IX 

Variation in Size Content over a Warp 


Warp 

Variation m starch ^ 

content of random 

samples ' 

(%) 

Variation in starch 
content, 

' sampled material 

(%) 

- 57 

20*4 to 21*4 

20*9 to 21-4 

58 

18*8 to 22*0 I 

18*8 to 19*2 

59 

18-7 to 22*6 

[ 18*7*to 18*9 

60 

17*6 to 19-3 

1 17*8 to 18*2 

49 

9-7 to 10*8 

1 10*7 to 10*8 

50 

8*9 to 10*0 

1 9-6 to 10 0 

51 

8-6 to 9*6 

9*2 to 9*6 

52 

7*8 to 9*4 

8*9 to 9*2 
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when necessary, the corresponding figure for flour has been calculated 
from the data given in Table V, In most cases the agreement is good, and 
the figures differ significantly only in a few of the flour mirings where the 
direct value is occasionally lower than the indirect. This is not unexpected 
in view of the changes which may occur during the fermentation or steeping 
of the flour. 

8 -Sampling 

The necessity for sampling yam or cloth before analysis is shown plainly by 
the figures given in Table IX. The determinations were made (a) on samples 
taken at random along a bunch of sized warp ends, and (b) on samples from 
a quantity of 10 grams cut up into short lengths as described on page T 478 
and thoroughly mixed. It is therefore recommended that this procedure 
should be adopted wherever possible. 

9- Conversion of Starch into Glucose by Enzymes 

Following several claims in the literature that starch may be hydrolysed 
quantitatively to glucose by Takadiastase, a concentrated preparation of 
this enz5mie was tested under the following conditions and with the results 
noted. 

To 0-15 gram of dry farina, gelatinised in 50 c.c. of water, were added 
5 c c. of a 1% solution of sodium chloride, 5 c.c. of a 2M sodium acetate 
buffer solution (/>H5), various quantities of a 2% solution of Takadiastase 
in 0*5% sodium chloride solution, and 0*25 c.c. of toluene. The mixture 
was incubated at 40® C. for 18 hours, and the glucose formed estimated 
by the ‘‘iodine*' method, a corresponding blank experiment being carried 
out without the starch. The following results were obtained — 


Ratio, starch to 
Takadiastase 


to 1 
3 to 1 
6 to 1 
12 to 1 


IVoportion of starch 
converted to glucose 

92 per cent 
89 

82 „ 

70 


By determination of the glucose formed on acid hydrolysis the farina 
contained 98*3% of starch. Takadiastase failed therefore to achieve complete 
conversion, but experiments with the related commercial preparation, 
Polyzime P, were more successful. In these, the ratio of starch to Polyzime 
P was maintained at 1-5 to i, and the incubation at 40° C. was continued 
for periods of one-half to 18 hours with the following results — 


Time of incubation I^oportion of starch 

(hrs ) I converted into glucose 


2 

4 

18 


87 per cent 
90 „ 

96 .. 

100 
100 


In further experiments a period of incubation of i8 hours was employed, 
and thO pH of the medium was varied. The conversion proved to be relatively 
insensitive to such changes in the rai^e pH 3-6— 7. 
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pH of medium I Proportion of starch 
converted into glucose 


3-6 

99 per cent. 

4*0 

1 98 

4-6 

100 

5-0 

. 100 

5-6 

1 QCk 

aif ,, 


pH of medium Proportion of starch 
, converted into glucose 


6*0 

6- 5 
70 

7- 5 


98 per cent. 

96 

90 

64 


The reaction was next applied to a number of starches, as it was possible 
that the conversion to glucose might not be complete in the case of the 
starches which contain hemicellulose. As shown below, however, the 
conversion was complete with all the starches examined. 


Sample 


('ommercial sago 
„ tapioca 

„ wheat 

,, maize 

rice ... 


Starch content (%) calculated from 
glucose produced by 


At id hydrolysis Polyzimc 1* 


97-3 I 96*5 

96*5 96 0 

96- 8 ' 96-9 

97- 4 1 970 

961 ' 960 


This particular sample of Polyzime P was therefore suitable for in- 
vestigating the possibility of the enzymic conversion to glucose of the starch 
in sized yams or fabrics. Experiments were therefore made on the series 
of warps sized with maize starch, which were used to compare direct measure- 
ments of starch by acid hydrolysis with indirect determinations by th(‘ 
''scouring*' method, (see Table VII.) The tests were made on well-sampled 
material in the following manner, the results being checked by concurrent 
determinations by the method described on page T478. 

The sized warp (2-5 gram) was boiled with 150 c.c. of water to wet out 
the cotton thoroughly. The mixture was cooled, and 15 c.c. of a 1% solution 
of sodium chloride, 15 c.c. of a 2M sodium acetate buffer solution (^Hsh 
15 c.c. of a 2% solution of Polyzime P in 0-5% sodium chloride and i c.c. 
of toluene were added and the whole was incubated for 18 hours at 40° C,, 
a corresponding blank experiment being conducted on the unsized yarn. 
The results are given in the following Table — 


1 

Wai^ — 

Starch content (%) 

Ratio 
Bto A 

WcU^ — 

By Acid (A) 

By Polyzime P (H) 

49 ! 

10-8 

9*6 

0-89 

50 

9*8 

9*3 

0*95 

51 1 

9*4 

8*6 

0*91 

‘*^2 . 1 

9*2 

8*3 

0*90 

57 1 

21*3 i 

19*5 

' 0*92 

58 

18*9 

17*7 

1 0*94 

59 

18*9 

, 17*0 • 

' 0*90 

60 1 

18*2 

17*1 

0*94 


Very similar results were obtained with a number of cloth samples, so 
the conversion to glucose of the starch present on a sized warp or cloth is 
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not complete by this treatment. The treated yams and cloths still gave 
a faint blue coloration with iodine, but although numerous variations of 
the procedure described above were made, no more complete conversion 
was attained. 
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36— OBSERVATIONS ON THE APPARENT FINENESS AND 
FREEDOM FROM KEMP OF NATURALLY -COLOURED WOOLS 

By D. H. Strangeways and J. A. Fraser Roberts 

(Wool industries Research Association, Leeds) 

The Statement is often made that the wool of coloured sheep is finer 
than the wool of the ordinary white sheep of the stock from which they are 
derived. It has also been stated that the fleeces of coloured sheep appear 
to be free from kemp, or much freer from kemp, than corresponding white 
sheep of a mountain type. 

A superficial examination appeared at first sight to confirm these beliefs. 
Ordinary white Welsh Mountain sheep usually show a considerable proportion 
of kemp. In the Black Welsh Mountain breed, which has been developed by 
selection from the ordinary Welsh breed, the fleeces appeared to be free from 
kemp fibres. It is true that mixed up with the wool were to be seen many 
short, coarser fibres, but these did not seem to be unduly coarse, and looked 
as though they had little in common with the coarse white kemp fibres of the 
white sheep. A white sheep was examined that had segregated out in a Black 
Welsh flock. Its fleece was particularly kempy and the contrast with the 
black fleeces of the rest of the flock was striking. 

In connection with experiments that are being conducted at the Uni- 
versity College of North Wales, Bangor, on coat colours and patterns in the 
sheep, several types were used whose coats showed a pattern of black and 
white. An examination of the fleeces of these sheep seemed to reveal a 
remarkable change in structural characteristics in passing from a white 
to a black area. In the case of badger-face and reversed badger-face sheep* 
the line of division between black and white areas is usually sharp and 
distinct, particularly the division between the sides of the body and the 
ventral surface. These two patterns show a reversal of colour. In the 
badger-face sheep the body generally is white and the ventral surface black, 
whilst in the reversed badger-face ^eep the body is black and the ventral 
surface white, the line of division in both cases being similarly situated. 
In the case of sheep showing these patterns, many individuals were exam- 
ined, the white areas of whose fleeces contained very large amounts of kemp, 
and it seemed to be the case that the closely adjacent black areas were 
both finer and far more free from kemp, or rather that the coarse fibres that 
occurred in the coloured areas seemed to be very much finer than the white 
kemp. This was equally true whether the white area was ventral or not. 

It was decided to make a number of observations in order to determine 
the basis of these differences, and as will be seen, it was soon discovered 
that for the most part the differences in appearance were optical illusions. 

The first samples examined were taken from a reversed badger-face sheep 
which was very clearly marked. A strip was cut from the side, passing 
across the division from the black side of the coat to the white ventral surface. 
It was possible to remove from this strip for analysis black and white samples 
that had grown on areas separated by only a few centimetres. The fineness 
of the wool fibres was determined first by the gravimetric method described 

*Robert8, J. A. Fraser, and White, R. G., 1930. ‘‘Colour Inheritance in Sheep 
IV. WThite Colour, Recessive Black Colour, Recessive Brown Colour, Badger-foce 
Pattern, and Reversed Badger-face Pattern." Jour. Genet.. 22 , pp. 165-180. 
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in a recent paper.* It was found that there was no signihcant difference, and 
microscopic measurements of diameter were then made in order to eliminate 
the possibility that, although the number of centimetres weighmg a milligram 
was the same in both cases, there might be a difference in density between 
black and white wool fibres that would in this case be reflected by a difference 
in diameter. The results were as follows — 

Table I 

Sheep No. 22 (1930) 

* DiameiPt — fi Length — ems 



I'lneness 
ems per 
mg 

Number 
of Fibies 
Measured 

Mean 

Standard 

I Error 

Number 
of Fibres 
Measured 

Mean 

Standard 

Frror 

White wool 
Black wool 

174 

177 

_1 

80 

80 

25 

25 

‘ i 0 55 
L0 57 

179 

168 

8-0 

77 

f0*14 
+ 0 14 


It is clear, therefore, that there is no difference between the black and 
the white wool fibres as regards their dimensional attributes 

In this particular fleece the white areas contained a considerable propor- 
tion of kemp which, as previously explained, seemed to be either lacking or 
very different in the black areas 

Kemp determination,t however, gave the following results— 

Table II 

Sheep No. 22 (1930) 

Percentage Kemp Number ol Xvemp hibrcs 
by Weight per gram of Sample 

23 S 1 2,140 

25 8 I 2,430 

The difference in the proportion of kemp is not significant, and it is 
doubtful whether the greatei number of black kemp fibres per gram is 
significant either. In general, treatmg the samples as being composed of 
kemp and non-kemp fractions, there is no difference, or only a very slight 
difference, between the black and the white wools 

When the black and the white kemp fibres had been sorted out there 
appeared to be to the naked eye a most striking difference in their thiclaiess 
The white fibres examined against -any background looked much coarser 
than the black ones. Measurements were accordingly carried out on both 
types of fibre. Weight per fibre was calculated from the data in connection 
with the previous table, and lengths were measured directly. In order to 
obtain an estimate of the thickness of the kemp fibres the following tech- 
nique was employed. Approximately a quarter of an inch was cut from the 

•Roberts, J A Fraser, 1930 “Fleece Analysis for Biol<^ical and Agricultural 
Purposes I The Average Fineness of a Sample of Wool Jour Text Inst , 21, 
pp T127-T164 

tAn account of kemp analysis and illustrations showing the macroscopic and micro- 
scopic characteristics of kemp weie published in the Journal of the Textile Institute, 
17, pp. T274-T290, 1926. 


White wool 
Black wool 
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middle of each fibre; these portions were prepared for microscopic examina- 
tion and two measurements were made on each portion, one at the thickest 
point, the other at the thinnest point. It was hoped in this way to avoid 
unconscious bias in the selection of a point at which each fibre should be 
measured, and also the differences between the thickest and thinnest points 
along each portion, when calculated on a percentage basis, gave a certain 
rough measure of the variability in diameter of the fibre. The results were 
as follows — 


White kemp fibres 
Black kemp fibres 


Table 111 

Shee p No > 22 (1930) 


I Length-^ IQS. Diameter -u 

Weight 


per 

l*ibre 1 

Number 


1 

Number 




of Fibreb 
Measured 

Mean 

SI 

1 

of Fibres 
Measured 

Mean 

j S.E 

0112 1 

1 78 

3-6 

±0-08 

90 

105 

±2-5 

0-106 I 

1 78 

3-5 

±0-09 

90 

67 

±1-9 


Poicentage difference 
between thickest and 
thinnest place meas- 
ured cm each fibre 


Mean 

S.E. 

, 19-9 

+2*48 

' 18-1 

±l 47 


It will be seen that there is a considerable difference in diameter, but that the 
length of the fibres does not differ appreciably. In contrast with this the mean 
weight of the black kemp fibres was almost as great as that of the white kemp 
fibres, so that there is a definite suggestion in this case that a structural 
distinction exists between the two sorts of fibre. This difference is further 
discussed at the end of this paper. The variability of the individual fibres, 
roughly estimated as described above, did not differ appreciably for the 
white and coloured fibres. 

If kempy sheep are examined it will be found that there is a strong sugges- 
tion that the kemp on the ventral surface is coarser then the kemp growing 
over the body generally. Although the black and the white samples in the 
present case were taken from aicas that were comparatively close togethei, 
nevertheless the white sample was taken from an area more ventral than the 
black sample, and it is probable that the Ihie of colour division more or 
less corresponds to the dividing line between the general fleece and the belly 
wool. It is impossible to exclude the possibility that the difference in coarse- 
ness of the white and the black kemp in the case of this sheep might be 
partly, or even wholly, due to this difference in the position of the areas from 
which the samples were taken. It is to be noted, however, that the dis- 
proportion between fibre weight and diameter still requires an explanation. 
A second series of samples was therefore examined, in this case taken from 
the same area on a badger-faced sheep. In the badger-face the ventral 
surface is black and the sides white, as contrasted with the reversed badger- 
face, in which the sides are black and the ventral surface white. The line of 
division between the areas occupies approximately the same position in each 
case. It was decided not to carry out measurements on the wool owing to 
the definiteness of the result given in the first table. The results as regards 
the kemp were as follows — 

Table IV 

Weneleyda^ x Welsh Badfter-face 


Percentage Kemp Number of Kemp Fibres 
bv Weight per gram of Sample 


White wool 
Black wool 


32-6 4,270 

45-8 4,140 
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The difEercnce between the percentage by weight of white and black 
kemp respectively is well marked, although as regards the number of fibres 
per gram of wool the difference is small. Measurements on the individual 
kemp fibres were carried out in the same way as with the previous samples, 
the results being as follows — 


Table V 

Wensleydale x Welsh Badger-face 



1 Weiuht 

Length — cuis. 

Diameter— 


.Percentage difference 
between thickest and 


Numlier 

Mean 1 
. 1 


Number 


~ ~ 

thinnest place meas* 
ured on each fibre 


ItigS 

1 

of Fibrc& 
meafaured 

1st 

1 

of Fibreti 
measured 

Mean 

SE. 

Mean ! S.E 

White kemp fibres 

0-079 

40 

2-3 1 

1 1 0-10 

39 

125 

1-4-8 

, 17-9 1 12 27 

Hlack kemp fibres 

0 126 

42 

30 1 


41 

117 

L4-8 

1 lS-2 +2-27 

1 


The difference in structural characteristics is again well marked. The 
black kemp fibres are very much heavier than the white. As regards 
their length there is a significant difference, but as regards diametei the 
black fibres are actually slightly finer than the white ones, this difference, 
however, not being significant. There is no significant difference m varia- 
bility. The differences in length are not nearly sufficient to accoimt for the 
differences in weight. Once again the relation between diameter, length, 
and fibre weight is quite different in the two classes of kemp Considering 
both sheep together, when the white area is more ventral, the weight of the 
kemp fibres is approximately the same but the average diameter of the 
white fibres is greatly in excess of that of the black. When the black area is 
more ventral, the diameters are approximately the same but the weight of 
the black fibres greatly exceeds that of the white ones. The differences 
observed, therefore, m the two cases depend upon two factors, in the first 
jilace a difference due to the position of the sample, and secondly a difference 
in the relation between length, diameter, and weight in black and white 
kemp fibres respectively. 

In ordinary white Welsh sheep it is not uncommon to find patches of red 
kemp. In such patches some of the kemp fibres are white, others pigmented. 
A sample of this type was examined, and measurements were made on the red 
and the white fibres growing on the same area. The results are given in the 
following table — 

Table VI 

Sheep No. 98 (1928) 


Weight 

per 

Fibre 

1 mgb. 

1 

Length < ins 

1 DianieUi- i*. I 

Percentage different e 
between thu kest and 

Number 
of Fibres 
measured 

Mean 

ST 

Numb^ 
of Fibres 
measured 

Mean S L 

thmnest place meas- 
ured on each fibre 

Mean S E 

White kemp hbres 0-047 

104 

22 

4 0-(6 

90 I 

1 78 j 2 3 

25-7 

i 1-64 

Red kemp fibres . 0-063 

104 

2-5 1 

i4 0 04 

90 

1 »4 1 d2 0 

21-2 

i 1-42 


In this case the red kemp fibres have a greater diameter than the white 
ones, and also a slightly greater length, but once again the relation between 
length and diameter on the one hand and fibre weight on the other is different 
for the two types. During the course of analysis it was noted that there were 
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present a number of kemp fibres much finer than the rest. These were 
mostly white, and it is in aU probability this fact that accounts for the differ- 
ence in diameter observed as between the two classes of kemp fibres growing 
on the same area. The difference in variability is once again slight. 

In view of the finding that when black and white kemp fibres are of the 
same diameter the weight of tlie black ones is greater than that of the white, 
or alternatively that when the weight per fibre is approximately the same 
the diameter of the white fibres exqeeds that of the black, an attempt was made 
to determine the structural basis of this difference. There appeared to be 
two possibilities. The first was that the coloured fibres were heavier in 
proportion to their size because they contained a larger proportion of cortex 
and a smaller proportion of medulla than the corresponding white kemp 
fibres. On the other hand it might be thought possible that the masses of 
pigment granules in the cortex and medulla, particularly the latter, in the case 
of the black fibres, might cause an appreciable difference in weight. Of these 
two h3^theses the second did not seem very probable, especially in view of 
the very large differences found. In addition a certain number of measure- 
ments were carried out on the kemp fibres of sheep 22 (1930), using micro- 
meter calipers. It will be recalled that microscopically the diameter of the 
white fibres considerably exceeded that of the black. The micrometer 
measurement gave slightly larger values for the black fibres. It is to be 
noted that micrometer calipers compress the fibre and would probably 
almost obliterate the medulla. 

It is very difficult to examine black fibres microscopically, because the 
pigment granules are present in such dense masses that observation by trans- 
mitted light becomes almost impossible. Accordingly the coloured kemp 
fibres were bleached, and it was found that for complete bleaching it was 
necessary to use concentrated perhydrol of 100 volumes, made alkaline with 
ammonia. The fibres were bleached in this way, washed, stained with 
picro-formol, and prepared for microscopic examination. As it is possible 
that this rather severe procedure might alter the size of the fibres, the 
corresponding white kemp fibres were subjected to the same treatment 
Portions from the middle of each fibre were prepared in the same way as that 
described above, but in this case measurements were made at five points 
along the length of each portion, an attempt being made to space out these 
points as evenly as possible. The total diameter of each fibre was measured 
at each point and then the diameter of the medulla at the same point. The 
findings for the five points were averaged for each fibre and the results 
expressed as the j^ercentage of cortex relative to the complete diameter of 
the fibre. The following table gives the results for the Wensleydale x Welsh 
samples. In this case, as shown in Table V, the total diameter of the white 
and black kemp fibres was not appreciably different, but the weight of the 
black fibres greatly exceeded that of the white. 

Table VII 

Wensleydale x Welsh Badger-face 

Number of Fibres] Percentage j Standard 

Measured ('ortex Error 

White kemp fibres ^ 20 9 1 

Black kemp fibres ' 20 ] 14 | -i: 0*82 
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In the case of sheep 22 (1Q30), as shown in Table III, the weights of the 
black and white kemp fibres were very similar, but the white kemp fibres 
greatly exceeded the black ones in diameter. The result of the measurements 
was as follows — 

Table VIll 
Sheep No. 22 (1930) 


N umber ol Fibres 

Percentage 

Stanclaicl 

1 Measured 

C'ortex 

Emir 

White kemp fibres . . . ^ 15 

7 

• ^0-39 

Black kemp fibres ... 15 

1 

1 57 

1 1 2*27 

It is clear, therefore, that black kom}) hbres have 
greater thickness of cortex than have white kemp fibres. 

a relatively much 


CONCLUSIONS 

(1) The apparent difference in fineness of wool fibres in the case of coloured 
and white wools is not real. 

(2) In kempy wools the difference in appearance between the white and 
coloured samples is very striking, but for the most part this difference 
too is unreal. 

(j) There is, however, a difference between coloured and white kemp fibres. 
In proportion to their weight, coloured kemp fibres are finer than white 
ones. This difference is due to the tzvt that there is a larger proportion 
of cortex in coloured kemp fibres than in the white. It must be 
emphasised, however, that the smaller diameter sometimes found in the 
case of black kemp fibres could only account for a small part of the large 
apparent difference when the kempiness of tlie sample is judged by eye. 


We wish to express our thanks to Miss M. (iiuiiey, Miss D. Nicholson, 
and Miss M. Scheerer, who carried out a nuinl>er of the measurements. 
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37— THE FORMATION OF “DIAMOND SPOT” STAINS 
BY MILDEW FUNGI 

By Leslie Douglas Galloway, M.A. 

(British Cot tun lndustr\ Research Association) 

In fabrics exposed to damp conditions it is not uncommon to find that 
coloured mildew stains develop in more or less definite squares, the diagonals 
of which correspond to the directions of warp and weft. In some instances 
the shape is so clear cut that the name “diamond spot” has been given to it 
In spite of its peculiar appearance, which frequently gives rise to the 
impression that it is due to some cause other than mildew, “diamond spot” 
has received little attention in textile or mycological literature. Broughton- 
Alcock,^ in an account of his investigations on canvas deterioration in Malta, 
mentions the diamond shape of the spots, but gives no explanation beyond 
regarding it as a characteristic of the fimgi concerned, which he found to be 
Stemphylium and Macrosporium. Ramsbottom® gives a brief summary of 
Broughton-Alcock's paper. Thaysen and Bunker,® in two impublished 
reports quoted by courtesy of the Fabrics Co-ordinating Research Com- 
mittee of the Department of Scientific and Industrial Research, describe the 
examination of a “diamond spot” fungal growth on tentage received from 
Palestine. They failed to rcjiroduce the diamond-shaped stains under 
laboratory conditions, and concluded from their cxptTiments that this 
peculiar shape was not a characteristic of either the fungus or the cloth, 
but depended on environmental conditions such as moisture. 



1 IG. 1 

“Piamond Spot*' on jute hessian conditioning cloth 

Among samples of mildewed cloth received at the Shirley Institute, 
“diamond spot” formation has been rare. This, as wiU be shown later, is 
probably b^use such formation necessitates a higher moisture content 
than cotton goods usually attain to even in the worst storage conditions. 
One of the best examples received w^as from an outbreak on jute hessian 
used for “cloth*' conditioning of yam (Fig. i). Here the fungus responsible 
was one with a darkly pigmented mycelium, and had caused very marked 
tendering in the affect^ areas. A less well marked example, caused by 
AspergiUus terreus, occurred on a cotton cloth returned from abroad on 
account of mildew. 
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Attempts to reproduce the “diamond spot” type of stain under laboratory 
conditions on pieces of steriKsed cloth brought out the following points — 

(1) The diamond shape could be obtained with all the organisms tested, 
which included Cladosporium, Helminthosporiumt Aspergillus niger. Asp. 
terreuSf and Fusarium. The diamond was best defined, however, with the 
organisms that stained by virtue of a dark pigmented mycelium (c.g. Clado- 
sporium), so that the slain extended to the limit of growth. Poorer results 
were obtained with the Fusarium. the pigment of which diffused outwards, 
and with Asp. niger, where the coloured spores did not extend to the margin 
of fungal growth. 

(2) Diamond formation occurred only when the cloth was thoroughly 
damp Keeping at relative humidities of 87%, 92%, and 100% was not 
sufficient, but cloth wrung out by hand, placed several layers deep in a Petri 
dish, sterilised and inoculated, and then incubated in a saturated atmo- 
spheie, gave very successful results Cotton duck with regains of 30-50% 
gave no indication of an optimum between these limits. 

(3) It was at first thouglit that a loose weave would be essential. This 
is not so, however, and the best leproduction of “diamond spot” was obtained 
with a closely woven poplin (Fig. 2) 




Fig 2 

Giowtli of Cladospormtn , left, on poplin, iiglit, on a ciilluic medium. 


‘ Diamond spot” thus does not appear to be a characteristic of any 
particular organism, and the most obvious explanation is that it depends 
on the weave of the cloth. Growth starting from a centre of infection in 
a damp cloth naturally extends more rapidly along the warp and weft than 
across the open spaces. An equal rate of growth along warp and weft being 
assumed, growth starting at the point O in Fig. 3 would reach points flj, 
a^, ^3, etc., on the warp at the same time. It would also reach these points 
by alternative routes, indicated for a^ by the dotted line. This would 
explain the diamond formation. In practice the diamonds may overlap 
and will, of course, differ in size according to their times of growth. Irregular 
shapes, such as those shown in Fig. 4, which are tracings from stains on 
the hessian shown in Fig. i, arc thus formed. 

As an indication of this mechanism, an attempt was made to produce 
diamond formation by inoculating an artificial cloth structure. Of several 
methods tried, the following was the most satisfactory— 

A plaster of Paris disc 3J in. in diameter was prepared, a Petri dish 
being used as a mould, and saw cuts about ^ in. deep and J in. apart were 
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made to represent warj^ and weft. The plaster disc was placed in a Petri 
dish and sterilised in the autoclave, it was then cooled and a melted agar 
medium (Dox*s agar) was poured on in sufficient quantity to fill the grooves. 
Finally the disc was inoculated at the centre with spores of Cladosporium 
kerbarum and incubated at 25° C. in a saturated atmosphere. A t5q)ical 
"'diamond spot" was formed, Fig. 5 being a photograph of the disc after 
ten days* growth 
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3ft— COMPARISON OF SOME FABRIC TESTING METHODS 

By J. A. Matthew 

(Linen Industry Research Association) 

INTRODUCTION 

The properties of fabrics may be divided into two classes (i) character- 
istics governed by the dictates of fashion, artistic, or hygienic considerations, 
(2) characteristics governed by durability or ability to stand wear and tear in 
service. FabHcs of the latter class are* frequently sold to specification, but 
there is difficulty in specifying any means of testing the probable behaviour 
of any fabric in use. Many different types of test have been proposed, but 
the tensile strength is the one usually specified as being a criterion of the 
quality of the material. It is genei^y stated that the figure for tensile 
strength may not bear any established relation to the serviceability in use. 
This need not be a disadvantage if the specified strength is based on experience 
of the suitability of the fabric of the specified structure. Possibly this is 
the case in a good many instances but not in the case of specifications for new 
materials or new uses. There is a need for a laboratory wear test which 
would give a quantitative estimate of the probable behaviour of a fabric under 
the stress and strain o! wear. 

The present work was undertaken in order to compare the results by 
various methods of fabric testing with actual service behaviour, which does 
not appear to have been done before with linen fabrics. It is probable that 
for very specialised uses, individual tests may be required, but there are many 
fabrics in which the type of wear experienced is common, e.g. (i) household 
linens, dress materials, and all washable fabrics, in which resistance to 
laundry wear is one of the most important properties 

(2) Canvases, ducks for tents and coverings, which are not washed but 
have to withstand much friction with hard surfaces. 

The results to be discussed deal only with one type of fabric, viz., plain 
linen woven from bleached 2f-lb. dry spun line yam such as is very commonly 
used in the manufacture of roller towelling. Samples were prepared from a 
constant lea of yam, spun with various twists and woven with varying ends 
per inch warp or weft. These materials were all given the same treatment in 
finishing and were then twice laundered at a public laundry, and subjected 
to the various laboratory tests. Pieces of the same materials were also 
Repeatedly laundered until the first signs of wear appeared, the number of 
launderings being taken as a measure of the comparative life in service. 
Similar work is in progress with other classes of washable materials. 

These sample cloths arc abnormal inasmuch as in most cases the same yam 
is used as warp and weft. Usually linen cloths are woven with a weft finer 
and weaker than the warp. This, however, introduces two further factors 
in the specification of the cloth structure and so to this extent complicates 
any attempts at interpreting cloth test results in terms of the cloth stmeture 
and yzm properties. It appeared that by working with series of samples of 

K-TRANSACTIONS 
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this simplified construction, it might be possible to infer, with greater cer- 
tainty, the relative effects due to the cloth structure. Most previous work 
has concerned the comparison of typics^ available cloths, involving difiercnoes 
in yam counts, yam settings, and finishes, so that direct inference of effects 
is often impossible. 

Another difference which should be borne in mind is that, unless otherwise 
stated, these tests were made on cloth after being finished and twice 
laundered, whereas most recorded work on cloth testing concerns the results 
of cloth in the finished state. It is known that the method and nature of the 
finish has a decided effect on the test results, so it was considered desirable to 
have all the samples in a uniform state in this respect, and in the state in 
which the cloth is used rather than that in which it is sold. 

EXPERIMENTAL DETAILS 

Materials 

The cloth was woven from 2i-lb. dry spun line yam, bleached HHI) 
(I white); in most cases the same yam was used both for warp and weft, but 
in some few cases the same lea weft was used spun with varying twists The 
range of samples included yams spun with six different twist factors woven as 
warp and weft in a constant weave; with several yam twists cloth was woven 
with a constant number of warp ends per inch with varying number of weft 
ends per inch, and vice versa. The samples were then given a wash finish, 
all being treated alike, consisting of a sour, dip, blueing, widthing, 12 hours' 
beetling followed by a wash and a further i hour's beetling, and then lighth 
calendered. Several yards of each were then twice laundered in a public' 
laundry, all being tn‘ated together by the methods usually employed for 
roller towels, and this material was used in the tests to be described. The' 
finishing treatment adopted was that considered suitable for the cloth of th(‘ 
average weave, so that more open weaves were more and closer weaves less 
heavily finished than would be normally the case. 

Testing 

All the samples were conditioned in a room at 67° F., 75% relative 
humidity, analysed to determine the stractural characteristics, ancl tested bv 
various method. '*Dry" tests were made on the cloth in the air-dry con- 
dition in the above room, and also “wet” tests were made after soaking th«" 
specimens in cold water for 30 minutes. 

The stmeture of a fabric made from given yam can be expressed quanti- 
tatively in various ways, such as ends per inch warp and weft, weight in 
oimccs per square yard, thickness, compactness (density of cloth), and crimp 
or percentage outcome of the warp and weft yam. Some of these figures 
refer to the cloth as a whole, others to the yams in separate directions, and 
the figures are related to each other in various ways. Each method of ex- 
pression may have its own particular convenience in discussion of the 
behaviour of the cloth in different circumstances. 

The ends per inch and the weight per square yard were determined in 
the usual manner to obtain a fair average. The thickness was measured 
with a micrometer dial-gauge, scale divided into i/iooths. of a millimetre, 
having a large base plate and an upper plate with sprmg loading. In the 
instrument used thb plate was f in. diameter and the load on the plate 
2 lb. These conditions were kept constant and a uniform practice adopted 
of lowering the plate gently into contact with the cloth. The average of 20 
readings spaced over the cloth was taken. 
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The compactness or density of the cloth is a method of expressing the 
average closeness of weave and the extent of compression in finishing. It is 
the ratio of the weight of fibre in a given piece of cloth divided by the volume 
of the cloth contained between the two surface planes.* It is frequently 
estimated from the weight per unit area and the average thickness, but as the 
latter measurement is somewhat arbitrary, depending on the pressure applied, 
a direct method has been employed. This method is an adaptation of a 
method previouslv described for measuring the average diameter of yams.* 
Several 2-in. squares of cloth are cut from the cloth and weighed. These are 
soaked in a light mineral oil for several minutes and the excess oil blotted off 
between sheets of filter paper. This oiled cloth is then laid on a sheet of 
glass and vaseline smeared over the surface and scraped off flat with a 
flexible steel blade. The piece is reversed and the other side treated simi- 
larly. In this way the fibre is waterproofed and all air spaces between the 
fibres and the yams are filled with oil and vaseline. These pieces are then 
inserted in a volumeter (Armstrong's type) connected to a burette, by means 
oi which the external volume of the treated cloth can be measured, and so 
the density of the cloth calculated. With a little experience the method is 
found to be capable of giving consistent results. 

The yam crimp expressed as percentage outcome is measured by cutting 
a strip of cloth in the warp or weft direction lo in. in length and measuring 
th(‘ length of a number of the single yams after haying out and straightening 
out in contact with a scale. The figure indicates the extent to which the yam 
is corrugated in the cloth due to the bending over and under adjacent yams 
in the transverse direction. 

The Breaking Strength and Extension was measured on a Goodbrand 
machine (maximum capacity i,ooo lb.), rate of traverse 20 in. |)er minute, 
7 in. between the jaws. The specimens were cut 2 J in. wide and frayed down 
to 2 in., and then the total number of threads counted in order to calculate a^ 
accurately as possible th(* strength per single thread. Twelve warp and 
twelve weft tests were made for each cloth in most cases; use of the tension 
motion supplied with the machine was found to aid considerably in obtaining 
consistent results, particularly in the case of the stretch. 

The Bursting Strength was determined on the Jumbo-MuUen tester in the 
standard manner, with 5 in. between breaks, and the average of 20 breaks was 
taken. 

The Impact Strength or work to break was measured on a Goodbrand 
ballistic testing machine. Specimens were cut 15 in. by i in. and frayed do>^Ti 
to ^ in. in width and the total number of threads counted. Six warp and six 
weft tests were made for each cloth. In all the tests the pendulum was re- 
leased from a fixed height. 

The Tear Strength was measured on the Goodbrand cloth testing machine. 
Specimens were cut 7 J in. by 3 in. and then two longitudinal cuts were made 
I in. apart and 6 in. long. The central tongue was folded back and the end 
fixed in one jaw, and the two side pieces were fixed in the other jaw. In order 
to keep the conditions uniform throughout, the maximum strength recorded 
during the tearing of the cloth for a distance of J in. was taken. Five tests 
were made in each direction for each cloth. When the warp threads arc 
parallel to the central cuts, the weft threads are broken and so give a tear 
''across weft" and vice versa. This is on the same lines as the tongue tear 
test described by Turner,* but with rather smaller specimens. 
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The Wear Test was carried out on the cloth wear testing machine pre- 
viously described in another paper.* Specimens were cut 2 \ in. in width and 
frayed to 2 in. and fixed in jaws 7 in. apart under a fixed tension of 15 lb. 
Five warp and five weft tests were made for each cloth. The wear was caused 
by the to and fro movement of the top end of the cloth over a distance of 4 in. 
whilst in contact with a carborundum surface, and the result is expressed as 
the number of rubs to cause breakage. 

Resistance to Laundry Wear was tested on a selection from the same cloths 
as was used in the previous tests. Four 30-in. lengths of each sample were 
henuned and all were repeatedly subjected to the full laundry process in a 
public laundry. The samples were treated together each time and given the 
usual treatment for soiled roller towels, which is one of the most severe pro- 
cesses used. Tlie samples were examined at intervals of 20 launderings and 
records kept of the weight, length, and width of each piece, together with 
notes of damages or wear. This was continued up to 160 launderings, when 
most of the different cloths showed some sign of wear. Holes and other 
damages such as tom selvedges or hems were very few; in practically aU the 
cloths wear was first shown by the breaking of one or more warp threads 
causing a series of holes along lines parallel to and at a short distance in from 
each selvedge, the centre of the cloth remaining free from actual holes, 
although it had become thinner and lost in weight. This kind of wear is 
very frequently evident on damask cloths, but it appears that the same effect 
is typical of pure laimdry wear on plain woven hemmed pieces. For the 
present purpose it is necessary to reduce the results to a quantitative basis for 
comparison with other tests. The most definite and simplest method is to 
take the number of launderings at which the selvedge lines of wear first 
become apparent as the relative life of the cloth at the laundry. The cloth, 
of course, would be used for some time after this, but as there is no means of 
exactly determining when the cloth is unserviceable, this cannot be taken as 
an end point. The per cent, loss in weight when wear shows or the rate of 
loss of weight with laundering do not necessarily define the wearing power of 
the cloth, but a study of these figures is of interest and aids interpretation of 
the effects found. 

The figures quoted are only comparative between the samples, as there 
would be a great difference in the life thus determined in different laundries. 

The results obtained from the various tests are summarised in the tables to 
show in each case the effect of (i) closeness of weave, (2) yam twist, (3) wetting. 

CHANGES IN STRUCTURAL CHARACTERISTICS WITH CLOSENESS 

OF WEAVE 

The results of the measurements of the various structural characteristics 
on the samples of twice laundered cloth with varying closeness of weave are 
summarised in Table I and shown graphically in Fig. i for the cloths woven 
from warp and weft of 17 twist factor. Only one set is graphed in order to 
save confusion, but inspection of the table will readily show that similar 
results arc given by the cloths made from the other twist yams. The cloths 
from 17 twist factor yams are also of particular interest as these two sets of 
cloth were subjected to repeated laundering tests. These cloths were woven 
with either the warp or weft ends per inch constant; certain variations in 
shrinkage during finishing and laundering occur but the setting in one or 
other direction still remains approximately constant. 

The results show several interesting differences between the changes in 
characteristics of the cloth on varying the closeness of weave warp or weft 
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Table 1 

Structural Characteristics, Twice Laundered Cloth 
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way. On increasing the number of warp or weft ends per inch alone, the 
weight of the cloth per square yard increases regularly and the graphs are well 
represented by straight lines. The rate of increase of cloth weight per unit 
area with increase of weft ends x>er inch on a constant number of war|> ends 
per inch is, however, distinctly greater than in the reverse change of increasing 
the number of warp ends with a constant number of weft ends per incli. 
This is due to the fact that since the same yam is used as warp and weft the 
weight per square yard depends only on the actual length of yams in the 
cloth, i.e. on the per cent, outcome, as well as on the number of ends. The 
curves in Fig. i (D) show the changes in the per cent, outcome of the warp 
and the weft with increasing number of warp or weft ends, and these are 
very different. With constant nurtiber of warp ends and increasing the 
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number of weft ends per inch, the outcome of the warp yam remains fairly 
constant, whereas the outcome of the weft yams increases rapidly. With 
constant number of weft ends per inch and increasing the number of warp 
cuds, the outcome of the warp yarns increases very slowly at first and then 
increases very rapidly; the outcome of the weft yams increases slowly whilst 
the warp outcome is small, and then decreases whilst the warp outcome is 
increasing. Hence in the first case, with increasing weft ends, the effect is 
a clear increase in weight of cloth, but in the second case with increasing warp 
ends, part of the increase in weight is offset by a reduction in weight due to 
the .shortening of the length of weft yam held in the cloth. 

A similar striking difference is shown by the thickness of the cloth on 
increasing either the warp or weft ends per inch alone. With increasing 
warp ends per inch tlie cloth thickness shows a very slight progressive increase. 
With increasing weft ends per inch the cloth shows a very pronounced and 
regular increase in thickness, Fig. 1 (B). The reason for this difference is 
j)lain if the structures of tlie clotlis are considered in terms of the bending of 
tlie warp and weft yams at each intersection. Theoretically with a cloth 
made from equal sized incompressible yarns, the cloth thickness may con- 
ceivably vary from three times the yam diameter w^hen one set of yams are 
quite straight, to twice the yam diameter when both sets of yams are .suitably 
corrugated; any variation between these limits is possible according to the 
yam settings and the tensions applied in fini.shing. 

The amount of bending is proportional to the per cent, outcome, so in the 
samples with increasing weft ends, where the warp outcome is constant, the 
regular increase in thickness is clearly due to the progressive increase in the 
bending of the weft yarn. In the samples with increasing warp ends, the 
change.s in warp and weft outcome arc small at first and then an increase in 
waq) outcome whic h would tend to thicken the cloth is accompanied by a 
decrease in weft outcome, which tends to reduce the thickness of the cloth, and 
it so happens that these two effects approximately counterbalance each other 
and the thickness remains fairly constant. The' main result is that in these 
laundered cloths, the thickness ismainlva function of the closeness of .shotting. 

The compactness or density of the cloth. Fig. 1 (C), increases regularly and 
at about the same rate, with increasing closeness of the warp or weft yam. 
The density diqjends on the weight per unit area and the thickness, so this 
lesult is confirmed by the previous measurements. With increasing number 
of warp ends, an incrca.sing weight per unit area is made into a cloth of 
approximately constant thickness and so the density increases. W^ith 
increasing number of weft ends, the weight per unit area increases more 
rajudly than in the previous case, but the thickness also increases and so the 
rate of increase of density is approximately the same as in the previous^ case. 

The results bring out very well the complex nature of considerations of 
cloth properties and behaviours. A change in the closeness of weave in one 
direction may affect the external characteristics (weight per square yard and 
thickness) in a different way to a change in the closeness of weave in the 
tran.sver.se direction. Again a change in the closeness of weave in one direc- 
tion may have an effect on the internal structure (per cent, outcome) or lie of 
the yarns in both directions. For puqxjses of interpretation of the behaviour 
of cloth in strength and other tests, where the result must depend to some 
extent on the internal effect of one .set of yams on the crossing threads, 
consideration of the cloth structure in terms of outcome of the yams is there- 
fore likely to be of very great importance. 
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DISCUSSION OF TESTS ON DRY CLOTH 
The results of the tests carried out by the various methods already 
described on specimens of cloth in air-dry condition at 67° F., 75% R.H., are 
summarised in Table II, varying closeness of weave, and Table III vary ing 



Fig. 2 


twist of warp and weft. The nature of the variations can be appreciated 
better from the graphical representations in Figs. 2 -5. Since the tests on 
the duplicate sets of different twists in Table II are in excellent agreement, 
only one set is graphed in each case to save confusion in the diagrams. In 
these graphs the test results are plotted as ordinates and the superficial 
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variants, closeness of weave, or the yam twist factors as abscissa:. The 
graphs therefore show how the test machine results vary, and to some extent 
serve as a basis of comparison of the methods. In some cases it is more 
informative to consider the test results from other points of view. The 
results will first be discussed generally from the point of view of variation of 
test result with closeness of weave or yam twist and then in detail with respect 
to the relation between test result and yam property or cloth structure. 

TEST RESULT AND CLOSENESS OF WEAVE 

The test results in Table II are shown in Figs. 2 and 3. From insjx»ction 
of the curves it is fairly clear that in tests where warp and weft specimens are 
tested separately, very similar changes in results with changing number of 
ends arc shown by the warp specimens with increasing number of warp ends 
and by the weft specimens with increasing number of weft ends per inch. 

In the tensile .strength test, the breaking load increases with increase ol 
the number of longitudinal threads in the test sj)ecimen gripped in the jaws. 
Over a certain range the breaking load appears to increase approximately in 
proportion to the number of ends, but beyond a certain point the increase in 
breaking load is more rapid. In the tests where the number of longitudinal 
threads gripped in tlie jaws is constant and the number of transverse threads 
is increased, the breaking load also shows a progressive increase which may be 
represented approximately by a straight line. According to previous writers 
this increase represents a contribution to the breaking load of the specimen 
by the transverse threads which are not gripi>ed between the jaws. The 
tensioning of the specimen in the longitudinal direction is suppos('d to set up 
stresses in the transverse direction, so reducing the stress in the longitudinal 
direction and enabling the specimen to withstand a greater pull than it other- 
wise would. This will be considered in more detail later. It may be noted that 
the increase from this cause is greater when the transverse threads are weft 
(right-hand curve, warp) than when they are warp threads (left-hand curve, 
weft). 

These curves as a whole clearly show that the result of a tensile strength 
test of a fabric is a composite quantity, contributed by the tensile strength 
of the individual yams in the longitudinal direction, and part by the effects 
of the presence of transverse threads interlacing with the longitudinal threads. 
The latter is often described as a binding effect and will obviously depend on 
the extent and intimacy of the contact at the intersections, which will depend 
on the^treatroent received by the cloth. The tensile strength test is commonh* 
employed as a specification test as a method of check on the quality of yam 
employed in a given structure. This is obviously only approximately true 
and the result may vary with variation in finishing conditions. 

In the curves for per cent, extension at break, the specimens with in- 
creasing number of longitudinal yams show a very pronounced increase, 
whereas the specimens in which the number of longitudinal threads is constant 
whilst the number of transverse threads increase, show a fairly constant 
extension at break. The extension of a fabric is composed of two parts, the 
extension of the yam and the straightening out of the 'corrugations, and the 
results are discussed from this point of view later. It may be noted here, 
however, that although the same yams are concerned, by varying the doth 
stmeture transverse to the direction of the applied tension, the breaking load 
may be affected without altering the extension at break. This means that 
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the extensibility i^er unit load is altered and also indicates that the extensi- 
]>ility of the cloth must be intimately related to the cloth structure irrespective 
of the extensibility of the yam. Tins is also confirmed by the fact that in all 
these samples the extensibility is greater in the specimens with the weft 



WARP ENDS PER INCH WEFT ENDS PER INCH 

CONSTANT WFFT CONSTANT WARP 


Fig 3 

yams in the longitudinal direction. This suggests a decided relation between 
the extension of the cloth and the crimp of the yam in the cloth. Comparison 
of the extension curves and the curves for per cent, outcome in Fig. i (D) at 
once reveals a very striking similarity. 

The results of the bursting test show very pronounced differences with 
variation in the cloth structure in the two directions. In the specimens with 
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increasing number of warp ends, the bursting strength increases very rapidly, 
and rather more than in proportion to the number of warp en^. With 
increasing number of weft ends, the bursting strength remains fairly constan't 
over the greater part of the range, with a slight increase with the closest 
shottings. The two curves in fact are very similar to the corresponding 
curves for warp specimens in the tensile strength test. During the tests it 
was observed that in all these specimens, the bursts were practically all due 
to breakages of warp threads. Reference to the curves for extension of these 
fabrics shows that these cloth samples are much less extensible in the warp 
than in the weft direction. The application of pressure to the cloth through 
the rubber diaphragm causes it to bvdge and so become extended. This places 
the yams under stress, and naturally the greater part will be taken up by the 
less extensible threads. This therefore accounts for the breakages in the warp 
threads as being due to the low extensibility in this direction. The difference 
in warp and weft extensibility in these samples is so great that the bursting 
test merely develops into a test of the strength of the cloth in the warp 
direction. It is, of course, weU known that fabrics always give way in this 
test in the less extensible direction and so the test is of no use as a means of 
comparison of different fabrics of very different constructions. In some cases, 
however, it may be used as a rapid and convenient test as it involves no special 
preparation of specimens, provided the above limitations are borne in mind. 

The curves in Fig. 3, showing the change in impact strength or work to 
break with varying closeness of weave, show that the strength increases very 
approximately in proportion to the number of ends in the specimens in which 
these are varied. In the specimens in which the number of longitudinal 
threads imder tension is constant whilst the number of transverse threads per 
inch is increased, some slight increase in strength is indicated at parts of the 
range, but over a greater part of the range tested, a fairly constant strength 
was obtained. The work to break cannot be calculated from the breaking 
load and the extension at break, as the load-stretch curve for a fabric is not 
a straight line. It is fairly obvious, however, from inspection of the three sets 
of curves, that the work to break results are intimately related to those for 
strength and stretch. Whilst the tensile strength test and the impact strengtli 
test would place warp or weft spccimer^ in any one set in the same relative 
orders, they place the sets as a whole in different relative orders one to the 
other. It would appear from these results that this impact test offers some 
advantages over the tensile strength test as a test of the quality of the yam 
composing the cloth specimens. The linear relation between strength and 
number of longitudinal ends in the specimen, and the approximation to a 
constant result with increasing munber of ends transverse to a constant 
number of longitudinal threads both indicate that the test depends on the 
properties of the yam and minimises the effect of binding at the intersections 
which is a marked feature of the tensile strength test. 

In the curves for tear strength, the curves are marked “warp" and “weft," 
indicating that the tear takes place “across the warp" or “across the weft." 
The results show some fluctuations, but on the whole it is evident that the 
tear strength is fairly constant. It is therefore largely independent of the 
closeness of weave and must depend on the properties of the yam. In the 
set of samples with increasing number of weft ends, the tear strength across 
the weft is ccmsistently higher than that across the warp, but this is not 
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obtained in the second set of samples with increasing number of warp ends. 
Turner* found that high extensibiUty goes with low tear strength, but this is 
not consistently confirmed by these results. As he employed fabrics of 
normal construction, containing different yams as warp and weft, it is possible 
that his conclusions were vitiated by some unconsidered factor arising from 
this. These tests are simpler to consider as the same yams were used as 
warp and weft. The tearing action is local, the stress falling on the threads 
in turn, so that superficially the result should depend mainly on the strength 
of the single yams. The stress falling on the yam will not only depend on the 
extensibility of the yams being tom, but also qn the extensibility of the cloth 
in the transverse direction, that is, in the direction of the pull exerted on the 
tongue. A possible suggestion as to the relative tear strength of the warp 
and weft yams in these samples would be that it depends on the state of 
compression of the yams imposed by the finishing process, as well as on the 
spun structure. In these samples it has been shown that the weft yams are 
tlie more coirugated (except in No. 34CL) and therefore would be the more 
compressed under the pressure of the calender rollers in finishing. Some 
irregularities would be expected as the compression would inevitably be 
variable between one sample and another, particularly if the moisture content 
varied to any extent. 

The curves for resistance to wear or mbs to break show fairly consistent 
increases with increase of ends per inch, whether the specimens are rubbed 
with the warp or the weft under tension. Except in one sample, the speci- 
mens rubbed with the warp yams under tension show^ a higher number of 
rubs to break than when the specimens are mbbed with the weft yams under 
tension. There appears to be no obvious reason for this. At first sight it 
might appear that the test is simply one of mechanical wear by attrition, and 
as the same yam is used as warp and weft, it might have been reasonable 
to expect that the result would have been practically independent of the 
direction of the mbbing. If this had been so, then the result would also have 
been dependent on the thickness of the cloth. Actually the result is 
dependent on the direction of .stress during test, and is independent of the 
cloth thickness; whilst samples 29-34CL are of equal thickness, samples 
35-40CL increase in thickness, and yet in each case the mbs to break increase 
very definitely. This therefore suggests that the mbs to break are 
dependent on the amount of fibre in the surface. Consequently anything 
which produces this result, such as closer weaving or flattening of the yams 
by compression in finishing, should cause an increased resistance to wear. 
This actually is found to be the case, but still it does not appear to afford 
any explanation as to why the test will be greater in the warp or weft direction 
in different states of the cloth. This question has already been discussed to 
some extent in a previous paper,* when it was shown that considerations of 
the yam crimp provided no explanation, but the state of compression 
appeared to be an important factor. This is very much in agreement with 
the present remarks, but the reason for the relative warp and weft tests is 
still indefinite. It is clear that the wear test result, whether tested with warp 
or weft under tension, varies with the stracture of the cloth in either direction, 
and so either a warp or weft test would be sufficient for the comparison of 
the resistance to wear of fabrics in a similar state. The comparison of warp 
and weft tests, on the other hand, may prove of value in investigations re- 
lating to the relative compressions of warp and weft yams in the fabric. 
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TEST RESULT AND YARN TWIST 
The results of tests similar to those discussed above made on twice- 
laimdered cloth in air-dry condition, made to a constant weave with warp and 
weft yams of equal and varying twist, or with a constant warp and varying 
weft twist, are summarised in Table III and shown graphically in Figs. 
4 and 5. 



Fig. 4 

(1) Varying Warp and Weft Twist 

The breaking strength curves for warp and weft specimens both show a 
decided increase to a maximum followed by an equally decided decrease in 
strength. The warp strength appears to be a maximtun between i*c)-2*i 
twist factor, whilst the weft stren^h is at the maximum at r*q twist factor. 
The strength-twist curve for this yam in the hank gave a sharp peak or 
maximum at a twist factor of 17. The strength-twist curves for the cloth 
are therefore very similar to those for the singles yam, but with the maxiiha 
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at a higher twist. This confirms the previous conclusion that the clotli 
strength is directly related, but not entirely proportional, to the yam strength. 
The shift in the twist factor to give maximum strength would then be attri- 
butable to a variation in the binding effect already discussed; the results 
would indicate a greater addition to the cloth strength by this effect with 
increasing twist in the yam, and a greater effect on the warp than on the weft, 
which was also deduced in the previous discussion. 



TWIST FACTOR OF WEFT TWIST FACTOR 

WARP & WEFT WARP I 7 

Fig. 5 

As before, the weft extension of the cloth is much greater than that of 
the warp, and both show a small increase with increase in the yam twist. 
The extension at break of singles yam shows a similar increase with incieast^ 
of twist (varying from 1-66 to from T.F. 1-5 2*3). The J^revious 

discussion indicated a direct relation between cloth extension and yam crimp. 
This result shows that the yam extension also enters into the total result. 

The bursting strength shows a maximum value at a twist factor of 17. 
As before the bursts were all due to warp breaks, owing to the low extensibility 
of the cloth in the warp direction. The bursting strength-twist curve is 
therefore a close replica of the strength-twist curves of the singles yam, and 
again confirms the previous conclitsion that the bursting strength test is 
simply an indication of the strength of the cloth in the less extensible 
direction. 

The curves for work to break show maxima at the twist factors which gave 
maximum tensile strengths. The slight increase in extension with twist is 
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insufficient to counteract the decrease in strength beyond the twist for 
maximum strength. There is, however, a complete reversal in the relative 
warp and weft values, brought about by the great difference in the warp and 
weft extensions of the cloth. It is again clear that this impact test and the 
tensile strength test would both place either the warp or weft samples in the 
same relative order within their own group, but the two tests would give a 
totally different valuation to warp as against weft specimens. The result of 
the impact test is very clearly dependent on the extensibility of the cloth as 
well as on the strength of the yam. This would tend to limit seriously the 
advantages previously deduced, and confine them to cases where the test was 
applied to cloths of similar extensibility. In this case the impact test would 
b^ome classed with the bursting test as only giving strictly comparable 
estimates of quality on cloths of similar extensibilities. The same limitation 
of course does not apply if the impact test is used to measure the work to 
break as a criterion of the serviceability of the cloth, if in certain cases these 
factors have been demonstrated to be related. 

The variation in tear strength with yam twist is not very pronounced. 
As in one of the previous sets, the tear strength across the weft is consistently 
slightly greater than that across the warp. 

As before, the resistance to wear is greater with specimens mbbed with 
the warp yam under tension, and with both warp and weft specimens a 
definite increase in the rubs to break is shown with increase of yam twist. 
This increase is only of the order of 15%, whereas in singles yam this same 
increase in twist would result in the rubs to break being increased fourfold. 
Considering the very great difference in the conditions of the two tests as 
regards the free length of yam rubbed, it is not surprising that the magnitude 
of the effect of twist shows such marked variations. Although the effects 
on the yam and cloth test lesults arc of the same type they may be due to 
different causes. The previous discussion of the cloth wear tests indicated 
that the amount of fibre in the surface was an important factor. In the 
present case, the higher twist yams maintain a round surface whilst the lower 
twist yams flatten out; on rubbing the former, wear would start on a small 
area of contact which would gradually increase as the wear of the yarn pro- 
ceeded, whereas in the latter wear would start on a larger area of contact. 
In this way the longer wear of the higher twist yams could be explained, in 
conformity with the other results. 

(2) Weft Twist Varying, Warp Constant 

The breaking strength of the cloth in the weft direction shows the definite 
maximum as in the case when the warp and weft twist were both varied. 
The strength in the warp direction shows a decrease when the twist of the 
weft yam increases above a twist factor of 17. 

The bursting strength on these samples shows no consistent change with 
variation of the twist in the weft yam, and so again demonstrates that the 
result is dep)endent entirely on the properties of the warp yam. 

The results of the impact test appear to be erratic to some extent, biit they 
again show a generally higher result with weft specimens, a reversal of the 
relative warp and weft values from the tensile strength test due to the much 
lower extension in the warp direction. * 

The results for the tear strength again show a generally higher value across 
the weft than across the warp, and the difference appears to show a definite 
increase with increase of twist in the weft yam. 
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The wear test again shows a higher result with warp yams under tension 
than with weft yams under tension, and in both cases the results increase 
slightly as the weft twist is increased. This again demonstrates that the test 
result, whether on a warp or, weft specimen, depends on the structure of the 
cloth and on the properties of the yams in both directions. 

DISCUSSION OF RESULTS ON WET CLOTH 
A large number of the tests already discussed were repeated on similar 
specimens from the same materials under identical test conditions, except 
that the specimens were soaked in cold water for 30 minutes before testing. 
The results of the tests are summarised in Table IV for the samples with 
varying closeness of weave, andrn Table V for the samples with a constant 
weave and varying yam twists. In both cases the results are recorded as a 
])ercentage change from the value of the corresponding test on the material 
in air-dry condition at 75% R.H. As a matter of fact wet tests by each 
method gave higher results, except in two cases of weft extension, which will 
be referred to later. Inspection of the tables show that in most cases there 
is no indication of a systematic variation of the percentage increase in the 
wet test with the variation in the cloth stracture. The only indication of this 
kind is in the bursting test where the results appear to show a decrease in the 
percentage increase as the weave becomes closer. The very large variation 
in the percentage increase in the wet test by any one method on the whole 
range of samples is also a very striking feature. This appears to be a matter 
of some importance in relation to the general question of cloth testing, as it 

Table VI 

Average Per Gent. Increase in Test Results on Wetting Bleached and Twice 
Laundered Cloth. Plain Weave from 2 \ D.S. Line Flax Yarn 
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has for some years been an accepted practice to carry out tensile strength 
tests on some linen fabrics in a wet state as a simple means of overcoming the 
fact that the strength varies with humidity. This was first suggested by 
Barr^ for specification tests on brown aero linen. The validity of the method 
depends on the assumption that all fabrics made from the same material will 
show a constant increase in strength when completely wetted out. The 
present results appear to throw considerable doubt on this point and therefore 
discredit the reliability of this method of specification testing as a suitable and 
reliable substitute for the correct method of testing all the samples in con- 
dition at a specified humidity. The variations in increase of the wet test 
would afiect both manufacturer and consumer; samples which would fail to 

Fa 
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pass a specified dry test might pass a wet test based on the dry test plus an 
average increase for wetting if they gave an abTiormally large increase on 
wetting and vice versa. 

In order to compare the increase in the te§t result by the various test 
methods, the whole of the results in Tables IV and V for warp or weft tests 
by any one method have been averaged, and these rigures are summarised in 
Table VI. So far as we are aware, no such comparison of wet and dry tests 
by all these various methods has been made previously. It is a matter of 
definite interest to know whether the relations between samples shown by the 
various tests on dry samples are maintained in the wet state. It has a direct 
hearing on the question of any relationship between test results and service- 
ability of the cloth, as so many linen cloths are stressed in a wet state during 
use, as for example in the machines during laundering or in wet exposure in 
the cases of heavy canvases and ducks. The average increases given by th(‘ 
different kinds of test arc all positive but vary tremendously. In the tensile 
and tear strength tests the increases are of the same order and approximately 
the same in the warp and weft directions. The per cent, extension in the 
warp direction shows a very large increase, whilst that in the weft direction 
only shows a small increase. This behaviour is evidently related to the fact 
that in the dry cloth the weft extensibility was considerably greater than that 
of the warp. From the relation between extensibility and yam crimj) 
which has been pointed out, it may be inferred that in th(‘ wet 
cloth the crimp of the warp has been considerably increased, which 
would occur by warp shrinkage; the crimp in the weft was already 
very high in the dry cloth and only changed slightly on wetting. The 
sm^ change in the weft extension would also account for the only two 
cases in the whole of the observations in which a decrease in the dry test 
result was obtained; in these cases evidently the error of sampling due to 
cloth variation has exceeded the small increase obtained on the average on 
wetting. The bursting lest gave an increase in strength approximately 
double that given by the tensile test. In these bursting tests on wet cloth, 
it was observed that the bursts were due to breakages of warp and weft yams, 
and not warp breaks only as in the dry cloth. This is evidently rendered 
possible by the greater increase in warp extension, and the high increase in 
bursting strength is due to the breakage of waq) and weft threads. In the 
impact test, the increase in the warp direction is considerably higher than that 
in the weft direction. As this again is a test depending on yam strength and 
cloth extensibility, it appears that the explanation of the difference in the 
warp and weft results is again to be found in the very large increase in warp 
extensibility. The w^ear test shows a far larger increase than any of the other 
tests, and from previous conclusions it may be inferred that this would be 
contributed by several factors such as the increased tensile strength, the 
increased resistance to wear of the individual yams, the shrinkage which is 
equivalent to a closer setting of the yams, and finally the actual wearing effect 
of the rubbing surface may be reduced when wet. 

All these tests have been introduced as having some relation to specialised 
aspects of service uses, and in all cases the results with linen fabrics arc higher 
when the material is wet. Tests on these same singles yam in the wet state 
gave increases of 14% tensile strength, 26*5% extension, and 30% rubs to 
break. The increase on wetting is evidently an inherent property in the linen 
yam. In the cloth tests, the strength of the yam enters as a factor, and 
probably the higher strength of wet linen yarn is a basic factor in the increases 



— Comparison of Some Fabric Testing Methods — Matthew '1517 

shown by the wet cloth tests. This is confinned by the fact that the varia- 
tions in the increases by the different methods are explicable in terms of the 
relations between the cloth strength and yam sttength as modified by the 
cloth structure, as deduced in the earlier discussion. 

DISCUSSION OF LAUNDRY WEAR TESTS 
The results of the repeated laimdering tests on the series of weaves from 
yarns of 17 twist factor and on the samples of constant weave from yarns ot 
different twists are summari.sed in Table VII and shown graphically in Figs. 
6 and 7. Results are recorded in each case for the number of complete 
launderings at which broken yams were detected (in every case a breakage of 
w^arp yarns fairly close to a selvedge) and the corresponding per cent, loss of 
original weight ot cloth. Also in order to indicate the relative rate of loss ot 
weight in laimdering, an average per cent, loss in weight relative to the 
cloth of average weave (sample 41CL) for an equal number of launderings 
has been estimated. The losses in weight were recorded after 2, 5, 10, 20, 
40, 60, etc. launderings; at each of these periods the loss given by samjJe 41CL 
was taken as 100, and the losses of the other samples expressed in proportion, 
and the average of all the figures so obtained for each samj>le was taken as the 
average relative per cent, loss in weight for an equal number of washes. This 
procedure was adopted becau.se the rate of loss of weight is greater during the 
first ft‘w launderings than at a later period. 


Table VII 

Resistance to Laundry Wear 








IVr cent. 

l<elHti\e 


\ am Twist 

Knds per Inch 
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Weight 
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i^-atlor 
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to First 
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- 

- - 


1 

Wear 

WtMr 

F (JlKll 


Waq) 

Weft 

Warp 

' Weft 



Wdslies 

29( I. 

1 7 

1-7 

23*3 

12*8 

10 

14*S 

201*0 

30 



28-9 

32*8 

40 

19*8 

1.58*8 

31 



34 0 

32*8 

60 

20*0 

124*0 

41 



39*0 

32*1 

100 

22*9 

100 0 

32 



43-3 

32*6 

120 

28* 1 

101*3 

33 



47*2 

33*6 

140 

28*7 

94*5 

.34 



49*8 

33*7 

160 

28*6 

81*9 

35 

1-7 

1-7 

36- 1 

21*7 

40 

22*4 

188*3 

36 



37*9 

25*3 

60 

23*4 

145*5 

37 



390 

29*0 

80 

25*2 

122*8 

41 



39*0 

32*1 

KM) 

22*9 

100*0 

38 1 



39*8 

38*2 

1 100 

23*3 

99*5 

39 1 

1 


40*8 

41*8 

120 

23*0 

82*9 

40 



40*3 

43*5 1 

I 140 

23*5 

80*8 

25 

1-3 

1-3 

39*0 

35*2 

60 

14*4 

94*4 

58 , 

, 1-5 

1-5 

38*4 

33*2 

60 

17*2 

103*0 

41 1 

1 1*7 

1*7 

; 39*0 

32*1 

100 

22*9 

100*0 

59 1 

1 1*9 

1*9 

39*1 

33*5 

100 

20*9 

91*6 

54 

21 

21 

1 39*3 

32*5 

140 

28*8 

98*0 

(50 

2-3 

2-3 

39*8 

33*4 

100 

20*5 

90*5 

43 

1-7 

1*5 

39*3 

32*3 

100 

24*3 

113*1 

41 


1-7 

39*0 

32*1 

100 

22*9 

100*0 

42 

1 

2*1 

38*6 

32*5 

100 

23*0 

106*1 

44 

1 1 

2*3 

39*7 

32*4 ' 

100 

23 0 

106*2 
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The results shown in Fig. 6 for the varying weaves show several interesting 
features. The number of washes to give the first signs of wear increase 
uniformfy with increase of the number of warp or weft ends per inch. T^e 
number of launderings withstood without wear increases at a greater rate with 
increasing closeness of warp 3rams than with increasing closeness of weft. In 
the more open weaves, the fabric with 22 weft ends per inch shows wear at 



W*ftP ENDS PER INCH WEFT ENOS PER INCH 

CONSTANT WEFT. CONSTANT WARP. 

Fig. 6 

40 washes as against 10 washes for the fabric with 23 warp ends per inch. 
This of course may be due to the constant warp ends in the former case {39 
per inch) being greater than the constant weft ends in the latter case (33 per 
inch). If, however, the tiyo sets are compared tji an equivalent basis of 
weight per square yard or compactness, it will be found that under equal 
conditions the set with increasing weft ends per inch show greater resistance 
to laundry wear at low values (open weave) and less resistance at high values 
(close weave). This appears to show that although the resistance to laundry 
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wear in these towel lengths depends on the closeness of weave in both direc- 
tions, 3ret the closeness of setting of the warp yams has a greater effect 
the closeness of the weft yams. 

The second set of curves show the per cent, loss in the original cloth weight 
after the number of launderings at which the first signs appear. A distinct 
difference is shown between the cloths with increasing warp and incieasing 
weft ends per inch. In the former, the cloths can lose an incrca.smg per- 
centage of their original weight before wear appears, but with the latter the 



TWIST FACTOR OF WEFT TWIST FACTOR 

WARP a WEFT WARP 1 7 

Fig. 7 


signs of wear appear when the cloths have lost a certain percentage of their 
original weight. This is a very significant result and would appear to confirm 
the previous indication that the warp setting is the more important, since 
with constant warp setting the weight loss at wcai is constant, and with in- 
creasing closeness of warp setting the weight loss at wear increases approxi- 
mately in proportion. Taken together with the fact that the first wear dwa)^ 
appears as breakage of warp yams, the results appear to demonstrate fairly 
conclusively that the important factor determining the number of washes the 
cloth will stand is the number of warp thicads per inch. 

The top curves in Fig. 6 indicate the rate of loss of weight by the various 
weaves for an equal number of launderings, relative to that of medium close- 
ness. The curves are generally of the same shape, showing a rapid increase 
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of weight loss per wash with an opening up of the weave, and a much slower 
decrease in weight loss on closing up of the weave. It can just be distinguished 
that the increased rate of loss of weight with decrease of ends per inch is 
smaller with change of number of warp ends than with change of weft ends, 
which is in agreement with the earlier remarks on the curves showing the 
number of launderings to produce wear, and confirms that appearance of wear 
and weight loss are inter-related. 

Fig. 7 shows corresponding curves for a constant weave from varying yam 
twists. When the warp and weft twist are varied simultaneously the number 
of launderings to show first signs of wear increases to a maximum for a twist 
factor of 2-1. The cent, loss in weight when wear appears follows a 
similar curve, the cloth being able to lose an increasing percentage of its weight 
with increased yam twist, up to a twist factor of 2-i. In a general way the 
weight loss for an equal number of washes decreases with increase in yarn 
twist. 

When the weft twist only is varied on a constant warp, the number of 
launderings to .show the first signs of wear is constant, except for a visual 
observation that at this number of launderings the extent of the wear which 
(Kcurs is slightly more pronounced with the wefts of lower twist. The weight 
loss from these fabrics when wear occurs is constant as also is the relative 
weight loss for a given number of launderings. It is clear that the results 
only show variations when the twist of the warp yam is varied, which appears 
to confirm the previous conclusions in a very striking manner, and adds the 
further conclusion that in addition to the closeness of the waq.) settings, the 
properties of the warj) yams are of greater importance than the corresponding 
factors relating to the weft varn. 


DISCUSSION OF TENSILE STRENGTH TEST 
The results of the tensile strength tests on fabrics containing structural 
variations have been discussed and indirectly several inferences were drawn 
as to the effects of the cloth structure on the results. Further information 
as to the possible interpretation of tensile test results on fabrics may be 
obtained by considering the results not as breaking load on a strip of constant 
width, as has been done, but as the breaking load per single end. For this 
purpose the re.sults of the tensile tests recorded in Table II have been recalcu- 
lated in this way and they arc shown graphically in Fig. 8 for the warp and 
weft yams of the six sets of fabrics, increasing clo.seness of weave, warp or 
weft, each from three twists of yam. The curves now assume shapes very 
different from those showing the breaking load on the 2-in. strip. Whilst 
certain }X)ints show fairly wide divergencies, on the whole the general trends 
arc obvious and in fairly good agreement in the three curves in each set. 
Since the same yams are used throughout as warp and weft, the curves 
referring to yam of the same twist factor .should if continued back to the 
ordinate at one end per inch all cut it at the same value, the strength of a 
single end tested between the jaws of the machine; this is indicated in the 
figure by the dotted line. In the top three sets of curves, it is clear that the 
results for cloth strength per single thread show continuous increase with 
increased clo.seness of weave, and the rate of increase is greater in the two 
weft tests than in the warp test with constant warp. A very different be- 
haviour is shown in the bottom set of curves for warp tests on fabrics with 
constant weft; as the number of warp ends is increased the cloth strength per 
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single end increases to a maximum and is followed by a decrease to a mini- 
mum, when the strength again increases. The po.ssibility of the effect being 
due to chance or errors due to cloth variation or sampling appears to be 
definitely discounted in view of the close similarity in the results from three 
independent sets of fabrics. So far as the writer is aware, there is no previous 
record of this effect. It is evidently an outstanding feature of the rasuUs and 
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therefore it may be presumed that it could be used as a most conclusive check 
on any proposed theories as to the interpretation of the meaning of tensile 
test residts in terms of doth structure and yam strength. 

This question has been discussed at some length in a general theoretical 
manner by Turner* by considering the stress distribution in the test specimen 
when on the point of breakage. 

It is stated that the friction between the yams at the intersections nor- 
mally prevents any slippage at these places, as the behaviour of the specimen 
depends on the bending or corrugations, which make the length of yam 
greater than the length of cloth according to the yam count, type, and close- 
ness of weave (number of intersections) and the relative compressibilities, 
and also introduce a strengthening effect by making the free spans of yam 
very short. He explains the waist or narrowing at the centre of a specimen 
under load as due to a deepening of the corrugations in the transverse threads 
caused by the tension producing straightening of the longitudinal threads. 
The transverse threads therefore contract laterally draggmg the longitudinal 
threads inwards. This occurs to a maximum midway between the jaws; at 
the jaws the longitudinal threads are held out to width, and so near the jaws 
there is a resistance to inward movement by the cross tlireads, causing a 
tension in the cross threads, greatest at the middle and decreasing to zero at 
the edge of the specimen. As this tension decreases the possible deepening <^f 
the yam corrugations increases, so near the jaw the transverse threads will be 
more corrugated at the ends than in the centre. On the other hand, longi- 
tudinal threads at the side will have their corrugations removed by the tension, 
but in the middle will retain them to a greater extent. Passing away from the 
jaw the effect diminishes till midway between the jaws, the transverse threads 
will be deeply corrugated and the longitudinal threads straight. It is then 
supposed that at first the extension of the cloth is due to removal of corruga- 
tions when further extension is more largely due to extension of the yams 
alone. At the stage in the loading when removal of corrugations is fairly 
complete, according to the above discussion, there will be a longer length of 
straight yam at the edges of the specimen than in the middle, so that outside 
longitudinal threads can extend more than central threads before break 
occurs. Therefore under any load on the specimen the straight parts of the 
central threads will be nearer their breaking extension than the outside 
threads and so must be imder a higher stress. There will be a gradual de- 
crease in stress from the centre outwards, and if all threads are quite uniform, 
the specimen should break at the central thread first. Obviously the extent 
of the inequality in stress across the piece would depend on the relative 
corrugations in the two sets of threads, and generally if longitudinal corruga- 
tions are deeper than the transverse corrugations the stress inequality will be 
greater than when the transverse corrugations are deeper than the longi- 
tudinal corrugations. The primary failure of the central thread in this ideal 
cloth from uniform yam would throw additional stress on neighbouring 
threads and so on at this point, so the break would rapidly extend across the 
specimen from the centre and therefore the failure of the cloth would be in 
the nature of a tearing (wound) strength test, and final rupture more of a tear 
than a break. In actual cloth it is possible that the inequality of stress effect 
may be offset by tte irregularity of the yam. The weakest or least extensible 
parts of the irregular longitudinal threads will be distributed along the length 
of the specimen, and so the first thread breakage may occur at various places. 
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The actual breakage of any one will throw additional stress on adjacent 
threads. The primary break to extend will be the one at which there is 
concurrence of adjacent weak threads. Several such spots may occur when 
rupture would be expected to occur in more than one place and in fact such 
breaks are very common. If the weakest part of the irregular yam occurs in 
the centre of the central thread, the effect of stress inequality will be increased, 
but if it occurs in an outside thread, it will tend to counteract the effect of 
stress inequality. Turner proceeds to consider the effect of size of specimen 
on the strength. The total stress in the transverse thread at any point is 
taken as equal to the siun of the stresses due to all the longitudinal threads 
intersecting from the side to the point in question. At the side the tension 
in the transverse thread is zero, and on passing inwards increases in proportion 
to the number of intersections which is proportional to the width of the 
specimen. He states that this greater stress in the centre of transverse threads 
in wider cloth specimens would lead to smaller removal of corrugations in 
centre longitudinal threads "by external load on wide than on narrower 
specimens. This would give increased stress inequality with increase in 
width and so the central longitudinal threads would be strained to breaking 
point under lower external load in the case of wide specimens. Very narrow 
specimens, he concludes, may be relatively less strong because of loss of 
addition to strength due to intersections (not previously mentioned), and so 
on the whole he expects the strength to be at a maximum for a certain width 
of specimen, 'fhe effect of length is considered and it is stated that as the 
length increases the jaw effect decreases in importance, so unevenness of 
Stress distribution is less, and therefore the strength of the specimen should 
increase with length. On the other hand the effect of yam irregularity is in 
the oj^positc sense. Further discussion is given to the case of fabrics made 
from heavy and light yams and the effect of humidity and wetting. This 
need not be gone into, since the arguments arc based on the previous con- 
clusions. 

Now up to a point this cxjwsition of the effects on the individual yams 
in a cloth test specimen is in a general way quite straightforward. When, 
however, it comes to a question of applying the theory to definite cases such 
as the effect of size of specimen, then the result depend on the assignment of 
relative values to the effects of stress inequality across the width midway 
between the jaws, the inequality of stresses close to the jaw, and the effects of 
yam irregularity. ActiuUly nothing definite is known about the relative 
magnitudes of the effects. Turner, however, makes various suppositions and 
draws several conclusions which are explicitly stated. He concludes (i) that 
the strength of the specimen will be at a maximum for a certain width, (2) the 
strength should increase with length of specimen, (3) on wettmg, the strength 
of low twist yarn should increase much more than high twist yam, (4) the ten- 
sile test gives a false idea of the strength of the warp (making it appear weak), 
but gives no false idea of the strength of the weft. No statement was made 
as to how these theoretical conclusions compared with actual experimental 
re.sults, although they are all capable of being checked directly. In order to 
check the validity of these conclusions some additional measurements were 
made on some of the fabrics used in this work. The effect of width of test 
specimen was tested in some warp tests on two structures. In the first 
sample the warp ends were set far apart and the crimp or corrugation in the 
warp yam was small, and in the second sample the warp ends were set close 
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together and the warp crimp was laige. The results of warp tensile strength 
tests are stimmarised in Table VIII, showing the breaking load on the strip 


Table VIII 

Warp Tests on Goodbrand Machine (Dry). Strips 7 inches between JawS 
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49-8 I 33-7 


Width 

1 Actual 

of 

Average 

Strip 

, Ends pel 

Inches 

' Strip 

1 

23*3 

H 

' 34*6 

2 

46-5 

24 

57-3 

3 
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2 
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21 
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34 
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Strip 
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57-2 

, 2-45 
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' 2-54 

118-7 

2-55 

144-2 

1 2-52 

176-2 

1 2-56 

189-8 

' 2-29 

139-8 

1 2-75 

211-5 

• 2-74 

267-2 

1 2-60 

330-0 

' 2-56 

388-8 

' 2-52 

478-8 
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Table IX 


Sample Ref Xo 


Ends per I mb 


Cloth Test 
Breaking Load 
Pounds per 
Single _Knd 


V'arn Test 
Breaking Load 
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Warp 

Weft 

j Warp 

Weft 

Warp 

Welt 

29CL ’ 



23-3 

32-8 

1 2-57 

1-91 

2-.54 1 

2-08 

... 



, 28-9 

32-8 
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31 ... 



34-0 

32-8 

i 3-07 
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32 ... 
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32-6 
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.33 ... 


^ ^ * 
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33-6 

2-91 


2-79 1 
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• 

'*’1 

49-8 1 

33-7 

1 3-00 

1 2-91 

2-77 1 

3-09 

35 . . 



36-1 1 

21-7 
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2-35 

' 2-61 

2-46 1 

2-63 

40 ... 
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43-5 
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Cloth Test 


Yam Test 


Cloth 'J'est 


Yarn Test 


( loth, constant weft 29CL ... 1*16 

Cloth, con stant warp 3.SCL ... PI 5 


109 1-52 

M6 1-21 


1*48 

107 


and the breaking load calculated on a single end. It will be seen that the 
strength per single thread is fairly constant for strips varying from 1-3^ in. 
in width. Barr,* working with several types of fabric, concluded that there 
was no definite maximum or minimum relation jpetWeen the strength and 
dimensions of the test specimen, either in length or width. He found the 
effect of width was variable and usually small. In Table IX the results of 
some fabric strength tests, calculated per single end, are compared with the 
results of single end tests on yams frayed out from the same cloth. In the 



38 — Comparison of Some Fabric Testing Methods — Matthew T525 

latter 100 breaks were made with specimens 7 in. between the jaws of a Smith 
yam tester; rate of loading, 120 oz. per minute. The actual values are not 
directly comparable, owing to differences in rate of loading conditions, but 
there should be some significance in the relative values from the two tests for 
the warp or weft from the different cloths. Actually the values are of the 
same order, and there is on the whole general agreement as to the nature 
of the change in warp and weft strength with change in weave. There is 
therefore no evidence here that the tensile test gives any more unreliable 
idea of the strength of the warp than it does of the weft yarn. It was 
previously shown that the increase in .strength on wetting showed no con- 
sistent change with closeness of weave or of yam twist. The experimental 
data from these linen fabrics are therefore (entirely contradictory to the 
theoretical conclusions of Turner. 

This suggests some error in assignment of relative imix>rtancc to the 
different effects; the method of consideration of the problem in terms of the 
corragations at various parts of the specimen is most helpful in allowing the 
formation of mental pictures of the effects and explaining the sui>erficial 
effects of formation of waist and the type of breaks. Retaining this part of 
the discussion, an alternative explanation of the size of specimen effect may 
be suggested more in keeping with the experimental results. Turner’s 
explanation of both length and width effects hinges on consideration of the 
magnitude of the jaw effects (this is stated definitely in the length effect and 
is to be inferred from the argiunent as regards the effect of increased stress on 
the transverse thn^ads on the extent of removal of corrugation from the 
longitudinal threads), and on the magnitude of the stress inequality set up 
across the width. These he evidently regards as having very considerable 
effects on the breaking load of the specimen, and particularly the latter, since 
he even considers the breaking load in certain cases as aj)proximating to a 
tearing (wound) strength. It is .suggested that closer agreement with experi- 
ment would be obtained by considering these effects as of very much less 
importance. If the jaw effect be supposed to extend only a short distance 
from the jaw, it could be ntglccted in test specimens of ordinary length. 
If further it is assumed that tlie Ixdiaviour of the test specimen is in geneiHl 
controlled by that of the yarns in the mid-region between the jaws, the prol^- 
lem is simplified, because at the breaking point the longitudinal yarns may all 
l>e regarded as straight and the transverse yams as all very much corrugated. 
The practical independence of strength and test length would follow naturally. 
The magnitude of the stress inequality across the width due to the differential 
length of centre and side longitudinal threads from which corrugations are 
removed by the external load, would be minimised on the same grounds, and 
as this is also offset by the curvature of the side threads and the effects of yam 
irregularity, it may finally lx» supposed that the effect on the breaking load 
may not be so very pronounced. The proportionality between breaking load 
and width of specimen would then necessitate the assumption that the effect 
of curvature of the outside threads compensates any tendency for the jaw 
effect to extend away from the jaw in wider specimens. 

Confirmation of this view is obtained from further consideration of the 
results in Table IX and comparison with those shown in Fig. 8. The strength 
tests on single yams frayed from the fabric show considerable variation with 
the weave, all showing a marked increase when taken from the close weave. 
Further in the series of samples with constant weft, increasing warp ends, the 
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single yam tests on the warp yams show a definite increase to a maximum, 
which appears to be very significant in view of the fluctuations for the cloth 
strength per single end given by these same samples. These results would 
appear to indicate that the variations in doth strength per single end as shown 
in Fig. 8 are very largely due to changes in the actual strength of the yams in 
the samples with vaiying closeness of weave. The variations in strength are 
present in the yam itself after removal from the cloth and are not merely 
temporary increases on the cloth strength due to binding effects caused by the 
presence of transverse threads in the cloth whilst it is being tested. This is 
important as it leads to the conclusion that the tensile strength of the doth 
is a very fair index of the strength of the yam as it exists in the cloth and also 
that the variations in the yam strength with weave are due to variation in the 
effects of the imposed pressure or stresses applied in the previous finishing 
process. Consideration of the internal stmeture of the samples as indicated 
by the curves for outcome in Fig. i suggests that the yam strength changes 
as indicated in Fig. 8 are largely explicable if it is assumed that the yam is 
strengthened by the compression at each intersection, and that the extent of 
compression and therefore the strengthening is greater the greater the corra- 
gation of one or other set of yams; it must also be supposed that the greater 
compression is taken by the more corrugated set, but the transverse set of 
yam also receives some compression. Thus in the top set of curves the weft 
yam is tensioned and in the series of samples the warp ends per inch are 
constant, so the number of compressed parts at intersections in the length of 
the test specimen is constant, but the weft corrugation increases throughout 
the series, indicating an increased compression effect on the yam strength. 
In the second set from the top, warp tests in which the number of weft 
threads increases throughout the series, the warp corrugation remains 
constant, but the number of weft intersections or compressed parts in the 
test length will increase progressivdy and so accoimt for the regular increase 
in strength. Similarly in the third set the increase in strength would be 
accounted for mainly by the increasing number of compressed parts at inter- 
sections by the increasing number of warp ends. In the bottom set the 
number of intersections by the weft in the warp test length would be constant, 
but in this case the warp and weft corrugations both vary throughout the 
series. The weft corrugation increases to a maximum, the warp corrugation 
remaining constant, and in line with the above remarks, an increase in warp 
strength would be expected as shown. The weft corrugation then decreases 
whilst the warp corrugation increases and according to the tests of Table IX 
the yam strength decreases. This is not quite in agreement with the curves of 
Fig. 8 as these show a second increase in strength, which may be a real binding 
effect increasing the strength of the yam whilst held in situ in the cloth. 

The discussion of these cloth test results in the early part of this paper is 
on conventional lines. It must be realised, however, that two assumptions 
imderlie that discussion, (i) that the presence of transverse threads in the 
specimen exert an effect on the apparent strength of the longitudinal tlireads, 
and J[2) that the single thread test strength of the yams in the fabrics of varied 
weave remains constant. It was therefore concluded that the increase of 
cloth strength shown by the specimens with a constant number of longitudinal 
threads and increasing transverse threads was entirely due to this binding 
effect. The results of Table IX show that the second assumption is not 
correct, but do not prove that a binding effect in the test specimen is 
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absent, since the cloth and yam tests are not directly comparable in actual 
values. Some investigation of this point may be made, however, from these 
results by comparing the ratio of single end strengths from doth and yam 
tests for two weaves. This is shown in the lower part of Table IX for the 
closest and most open weaves in the two series. This ratio should be the 
same for cloth and yam tests in the absence of a definite binding effect in 
the test specimen. The ratio is higher in the cloth tests on specimens with 
increasing number of ends, but not in the specimens with increasing closeness 
of the transverse ends. In the former cases this would apparently indicate 
an increase in strength in the cloth test with increasing closeness of weave 
which is not shown by the tests on single ends frayed from the cloth. The 
presence of an actual binding effect may therefore be inferred in these cases, 
but no binding effect when only the closeness of transverse ends is varied, such 
as was assumed to explain the results in the earlier discussion. 

The general conclusion from this discussion therefore would be that the 
tensile strength of a cloth spefcimen is very largely the sum of the strength of 
the single ends, as modified by the compressions at the intersections during 
finishing, plus some smaller effect in certain cases due to the presence of 
transverse threads whilst being tensioned in the testing machine. The effects 
of irregular stress distributions in the test spramen appear to be localised 
near the jaws and have but small effect on the breaking load. The yam 
corrugations affect the cloth strength inasmuch as they cause variations in the 
strength of the yam under the compression exerted in finishing, but not from 
unequal stress distribution resulting from the extension, which, as is shown in 
the next section, is directly controlled by these corrugations. 

EXTENSIBILITY OF CLOTH 

It has already been observed that there appeared to be some close relation 
between the curves for extension at break and the crimp in the longitudinal 
yams in the test specimens. In order to consider this in more detail, the 
results for extension from Table II are plotted against the per cent, outcome 
of the lengthways yam in Fig. 9 for four sets of fabric from yams of two twists. 
The lower half of the figure contains the results from specimens in which the 
closeness of the transverse yams was constant whilst the closeness of the 
longitudinal threads was increased. There is a slight but definite separation 
between the sets containing the different twist yams; for the same per cent, 
outcome, the specimens containing the higher twist yam giving the greater 
per cent, extension at break. The main feature, however, is the very 
definite linear relation between per cent, extension and per cent, outcome 
in these particular samples. 

The upper half of the figure contains the results from specimens in which 
the closeness of the longitudinal threads was constant whilst the closeness of 
the transverse threads was increased. The results for the four sets appear as 
four distinct groups. There is a large difference between the average per cent, 
extension and per cent, outcome for each group, and from this point of view 
there is again shown the general relation between extension and outcome. In 
these samples there is a much more marked difference in extension between 
the groups from different twist yams than in the previous. In two groups, 
where the increasing transverse ends are warp threads, the weft outcome 
v’aries over a good range and a slight increase of extension with increased 
outcome is noted. 
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Both sets of results are therefore in accordance with the general conclusion 
that the extension of the doth at break is directly proportional to the crimp 
or per cent, outcome in the yam in the direction of tension in the specimen 
Added to this is the contribution from the extension of the yam itself, the 
value of which is obtained by projection of the curves to cut the zero outcome 
ordinate. 



PER CENT OUTCOME 
Fig. 9 

COMPARISON OF LABORATORY AND LAUNDRY TESTS 
Regarding the repeated laundering of a cloth as a way of testing the 
resistance to wear of cloth Under one sort of practical conditions, it is then a 
matter of interest to compare the results obtained with those given by the 
laboratory tests in which the behaviour of the fabrics are determined under 
the standardised test conditions. The method of repeated laundering is of 
course quite impractical as an ordinary test method owing to the very 
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considerable time involved in obtaining a result. It would, however, be of 
considerable importance to know whether any laboratory test can give results 
which would place samples in the same relative order. If any such relation 
exists for the laboratory tests employed in this work, then the test results 
plotted against closeness of weave or yam twist in Figs. 2-5 should give curves 
similar in shape to those for the washes to wear in Figs. 6 and 7. 

It is at once obvious that the bursting strength and the tearing strength 
tests can be eliminated; the extension is not a measure of durability unless the 
change in size assists the destruction in some way, and in any case the curves 
are not of the desired kind. The remaining three laboratory tests present a 
difficulty inasmuch as they give separate results for the cloth in the warp and 
weft directions and these vary in different ways with variation in weavt*, 
except in the case of the rubbing test, which is one point in its favour. In 
addition to this the curves for rubs to break against weave or yam twist on 
tlie whole are very similar to those for washes to wear in all the four sets 
ciwiilable for comparison, and the similarity is most marked in the case of 
warp specimens. 

Since it is an observed fact that normal wear in laundering is always first 
indicated by warp breakages, irrespective of the direction in which the cloth 
is put tiirough the finishing machines, it might be considered justifiable to 
give more weight to warp laboratory tests. If this is done in the case of the 
impact test, similarity is fairly good for the effect of yam twist and increasing 
number of warp ends, only a slight increase is shown, however, on increasing 
number of weft ends, due to the constancy of the per cent, extension. In the 
( <ise of the tensile strength test, the curves for warp tests arc generally very 
Minilar to those for washes to wear, except that the strength shows a decrease 
with increasing weft twist not shown by the laimdry tests. 

So far then it w^ould appear that either the tensile strength or the resistance 
to wear by rubbing tests of warp specimens would give results on these varioas 
fabrics which would place them in the same relative order as the repeated 
laundering test. The relation of laundering test to tensile strength might 
appear reasonable on the grounds that wear shows first as warp breaks, and it 
has been concluded that the tensile strength of cloth indicates very faithfully 
the yam strength. If this argument is pursued, however, it would lead to the 
suggestion, since the first wear is localised on one or two warp threads, that 
the resistanct' to laundry wear should be proportional to the strength of single 
ends of the warji. This is not borne out, since the single yam strength of the 
warps in the fabrics with increasing warp ends was actually found to rise to a 
maximum, and so comparison with the laundry results would fail. Again in 
these same fabrics the single yam tests show the warp yam is rather stronger 
than the weft, which is not in accordance with the fact that the warp gives 
way first. It seems clear therefore that resistance to laundry wear is not 
directly related to tensile strength of the single ends. The apparent relation 
between washes to wear and tensile strength of the specimen may therefon* 
l>e a coincidence, and certainly requires confirmation on other types of clotli 
before it could be accepted with confidence. 

The apparent relation between the washes to wear and rubs to break if 
true would suggest that the wear in laundering is mainly due to a frictional 
effect. The results of investigations on laundry wear are not opposed to this 
conclusion since it is known definitely that the greater part of the wear occurs 
in the washing machine itself where the goods are in a revolving cage and are 
repeatedly dragged out of the liquor, lifted, and dropped back, so that 
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nibbing between doth and doth or doth and metal would occur, and the 
cloth may be tensioned owing to entanglement. Further comparison on 
other doths is again desirable to establish definitdy this appaient relation, 
but from the present results the rubbing test appears to give a closer estima- 
tion of the relative resistance to laundry wear than any of the other laboratory 
tests employed. 


SUMMARY 

The changes in internal and external characteristics of twice laundered 
plain linen doth on varying the closeness of weave in either the warp or 
weft directions are considered. The effects vary according to the character 
considered and may be very different with variation of closeness of weave 
in the two directions. 

The results obtained on specimens of these doths from tests of tensile 
strength, extension at break, work to break, tear strength, and rubs to break 
are discussed. Also similar tests on cloths of a constant weave with variations 
in the yam twist are discussed. Most of the tests were repeated on specimens 
soaked in cold water and the results are recorded as the percentage change on 
those of the dry tests. Results are also given of tests on certain series of 
cloths repeatedly laundered till wear appeared. The relation of yam strength 
and doth tensile strength is considered by companson of tests on single yam 
frayed from the doths, with the results of the cloth tests expressed as pounds 
per single end. The views of Turner are considered and compared with the 
above data. The results recorded are discussed in relation to the effects of 
variation in doseness of weave or changes in yam twist, and also as to the 
relation with structural characteristics resulting from these changes. Finally 
the results are discussed from the point of view of comparing the results of 
the laboratory tests with those from the practical wear test by repeated 
laundering. 

The results from the different test methods show varying effects ac( ording 
to the way in which the stmeture is varied. These are generally explicable 
when regard is paid to the resulting changes in internal stmeture and to 
changes in cloth behaviour caused thereby. From the data it can be con- 
cluded that certain test methods give results depending on the cloth stmeture 
irrespective of directional variations, others depend only on the properties of 
the single yams, whilst others depend on more than one property of the doth. 
The main conclusions drawn from the whole of these various considerations of 
these test data on twice laundered linen doth of plain weave may be summar- 
ised as follows — 

(i) Tensile Strength of cloth depends on the doseness of weave and on yam 
twist. The strength in both warp and weft directions alter on varying the 
stmeture in one direction only and the breaking load is proportional to the 
width of the specimen. In a series of doths made from the same yam, the 
cloth strength varies; these variations are due primarily and are very approxi- 
matdy proportional to changes in the strength of the single ends of yam in 
the fabric brought about by the compression effects at intersections during 
finishing. In some cases an addition to the doth strength is caused by the 
presence of transverse threads in the cloth whilst under tension in the testing 
machine. The extent of the relative changes in yam strength by the com- 
pressiems depends on the doseness of the intersections in the doth and the 
amount of corrugation. 



38 — Comparison of Some Fabric Testing Methods — Matthew T531 

(2) The Extension at Break is equal to the yam extension plus an amount 
proportional to the corrugation or per cent, outcome of the yam in the 
longitudinal direction of the test specimen. 

(3) The Bursting Strength as determined on the Mullen machine gives 
results which are generally relatively similar to the tensile strength results in 
the less extensible direction, in cloths in which the extensibility is very 
different warp and weft way. The test is only applicable therefore as a 
repetition test for comparison of the same stmcture. 

(4) The Work to Break or Impact Strength of cloth depends on the closeness 
of weave and yam twist, because of the effects of these structural changes on 
the strength and extension of the cloth. The work to break is more inde- 
pendent of the number of transverse threads in the specimen than in the 
tensile strength test. It appears that perhaps the impact test measures the 
yam quality in the cloth more definitely than the tensile test, but only in 
cloths of approximately the same extensibility. In samples from yams of 
approximately equal strength, the work to break becomes merely an indica- 
tion of cloth extensibility. 

(5) The Tearing Strength depends only on the properties of the yam in the 
fabric as it shows ver\' little change with closeness of weave but a slight 
increase with increase of twist. On the whole the tearing strength across the 
weft was rather higher than that across the warp in these samples. It is 
concluded that this is due to greater compression in the weft yam rather than 
to greater extensibility of the cloth in the weft direction. 

(6) The Resistance to Wear by Rubbing increases with increasing closeness 
of weave and with increase of yam twist, whether the warp or weft yams are 
under tension during the lubbing. It depends on the state of the cloth as to 
whether the i esult is higher in the warp or weft specimens. With either sort 
of specimens the result depends on the structure of the cloth as a whole. 

j7) The Resistance to Laundry Wear depends on the closeness of weave and 
on yam twist. Wear always shows first as breakage of warp threads near the 
selvcdge.s. The properties and the closeness of the setting of the warp yams 
appear to be more important than those of the weft. The number of washes 
to cause wear appears to be related to the rate of loss of weight, whilst th( 
loss in weight which can take place before wear shows appears to be related 
to the closeness of setting of the warp yams. 

(8) The tests on Wet Linen Cloth all show an increase, which does not vary 
consistently with the cloth structure. The percentage increases on wetting 
by any one method of test are very variable, which appears to cast some doubt 
on the soundness of carrying out specification tests on wet material in order 
to overcome the difficulty of the effect of humidity on test results. In these 
cloths there was a large difference in the warp and weft increases of extension 
on wetting and this has an effect on tests affected by extensibility, and so the 
increases on wetting given by different test methods are found to vary very 
considerably. 

(9) It is concluded that the tensile strength and the resistance to wear by 
rubbing tests on warp specimens of doth give results which for all these 
samples are in the same relative order as the results for washes to wear in 
actiLad repeated laundering trials. None of the other laboratory tests used in 
this work show any consistent comparison. The similarity in results is 
perhaps rather doser with the rubs to break, but this requires confirmation 
with other types of cloth. 
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It is evident that there is no one test alone which determines the probable 
serviceability of a cloth imder aU conditions, but it would appear that 
measurements of tensile strength, warp and weft, per cent, extension at break 
and resistance to wear by rubbing axe capable of suppl3nng all the essential 
facts about a given doth. Probably in certain cases wear may most likely 
occur as a rip or tear, but the tear strength depends cm the single yam 
employed, and for specification purposes the use of a specified quality of yam 
can be covered by the tensile test. Other tests such as bursting or impact 
depend on strength and extensibility in seme way, and again it appears more 
definite to measure these separately. None of the tests measure the actual 
strength of yam used in making the cloth; at the best the yam strength may 
be measured approximately as it exists in the doth after modifications 
occasioned by bleaching and finishing treatments. The spedfication test can 
only ensure constancy of the combined strength. This, however, should be 
a definite guide to serviceability since the original specification would be 
based on the known behaviour of cloth of this kind, provided the structure 
is identical as shown by the weight per sq. yd., counts of ends and extension 
of cloth. 

The testing work involved was largely carried out by Mr. R. Kirkwood. 
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39— A COMPARISON OF THE FINENESSES OF BRITISH AND 
CONTINENTAL STANDARDS FOR COMBED TOPS 

By C. G. WiNSON, B.Sc., A.Inst.P. 

(Wool Industries Research Associaliun) 

In relating the term wool quality to the various attributes of the wool fibre 
there can be little doubt that the property of fineness is the most important 
single factor. Other characteristics such as length, crimp, elasticity, and 
lustre are of decided importance in assessing the manufacturing values of a 
sample of wool, yet it is only in so far as these properties are present to an 
abnormal degree that an evaluation of quality based on fineness alone is called 
into question. 

This view is supported by the results of a series of measurements recently 
published from this laboratory. These results show that for a range of 
selected British tops there was an increase in fineness according to a definite 
law as the scale of qualities ascended from 48*s to Bo's quality. The measures 
of fineness used to establish this relationship were (a) the mean cross-sectional 
area and (b) the weight per unit length of fibre. 

In aU subsequent work it was decided, in accordance with the resolution 
of the International Wool Conference of 1929, to adopt the system (6) and to 
express fineness in terms of the weight in milligrammes of 10 metres of fibres 
at a regain of 18J per cent. 

According to this system of expressing fineness, the relationship found 
between quality appellation and the mean fineness for the British selected 
tops may be represented by the equation — 

W 

logic "L "= o-o68r f 0 44, 

W . . 

where -j- signifies the weight in milligrammes of 10 metres of fibre at 184% 

regain and the successive values oix 3 , 4, 5 , etc. stand for the qualities 

8o*s, 70's, 64's, etc The psycho-physical implications of this logarithmic 
relationship are discussed in the previous paper, where it is shown that the 
Fechner-Weber law, as applied to the visual sense, would accoimt for this 
manner of variation of fineness from quality to quality. Below the 48's 
quality on the British scale the law fio longer holds. The presence of medul- 
lated fibres makes the weight/length method of fineness measurements 
unreliable over the lower end of the scale, but even when we take the values 
for cross-sectional area it is difficult to reconcile these with the law governing 
the finenesses of the higher qualities. It may be that in the estimation of 
these qualities criteria other than the mean finenesses of the wool have 
entered. 

In the previous paper it was also shown tliat, when such measurements as 
were available for the mean finenesses of the French, German, and Italian 

B-->7RANSACT10NS 
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standards for combed tops were examined, a similar relationship was foimd to 
obtain in every case; the logarithm of the fineness plotted against the succes- 
sive qualities yielded a straight line. This was interesting since it implied 
that the fundamental basis underlying wool sorting was the same in all 
countries. It must be remembered, of course, that in general Continental 
machinery is adapted to deal with wools which are shorter for their fineness 
than the types favoured by British manufacturers. Nevertheless it appears 
that tlie various qualities differ in point of fineness in exactly the same manner 
as the English combed tops except that a different number of grades may be 
employed. 



80*s 70*s 64^5 60V 56’s S6*s 50*s 48*5 

QUALITY NUMBER 

Fig. i» British Selected Combed Tops. 

The measurements of fineness which were used to establish the relationship 
outlined above were obtained from the literature of the countries in question. 
Naturally they were not all measured on the same system. The British and 
French figures applied to measurements made ^on* the weight/length scale, 
whDe the German and Italian figures were obtained from microscopic measure- 
ments of fibre width. Even when the principle of the method was the same 
the techmque differed and it was therefore difficult to make direct compari- 
sons, The fact that the property of fineness varied in the same perfectly 
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definite manner from quality to quality makes it possible to use this property 
to compare qualities on the different national scales. 

With this end in view a set of standard comhed tops has been obtained 
from each of the coxmtries France, Belgium, Germany, and Italy. These have 
been examined by the technique previously employed for the Biitidi selected 
tops and it is thus now possible to make direct comparisons between the 
different national standards. 

EXPERIMENTAL 

The method employed consisted essentially in weighing a coimted number 
of fibres cut to a definite length. The work may be conveniently divided into 
the following stages — 

(1) Sampling of top. 

(2) Parallelisation and cutting of fibres. 

{3) Counting of fibres. 

(4) Washing, drying, and weighing of fibres. 



Fk. 2 French Standards for Combed Tops. 

(i) From several places along each top small samples were taken between 
the thumb and finger and separated laterallv from the top. Care was taken 
to maintain the fibres in the same relatively parallel position that they occu- 
pied in the top. In lop manufacture there is obviously a very thorough 
mixture of the fibres composing the top, and this method of sampling 
was shown, by taking duplicate samples, to be very efficient. 
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(2) By grippmg the bundle of fibres in the middle and gently combing to- 
wards each end with a dissecting needle, further parallelisation of the fibres 
was effected and at the same time a number of short fibres which would have 
to be discarded in the counting operation was eliminated. No short fibres, 
however, were removed from the middle section so that it will be realised that 
no kind of preferential combing took place which would affect the composition 
of the sample finally counted. The bundle of fibres was now placed in position 
on the instrument designed for cutting off a fixed length from the fibres. The 
bundle was then clamped in position with the fibres just straightened, and the 
fixed length cut from the middle portion of the bundle. Clearly the cut 
length of fibre employed must not be greater than the shortest length of fibre 
normally occurring in the tops, otherwise these wShort fibres will contribute 
nothing to the mean fineness and the result will be vitiated on this account. 
On the other hand, to cut to a length very much shorter than this yields no 
advantage, since by this means the percentage error in the length of the cut 
fibre is increased and the number of fibres which must necessarily be counted 
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out to give a weight determinable with the desired accuracy is much increased, 
with consequent extra expenditure of time and labour In the present work 
the fibres from the 36's-5o's tops, and all corresponding qualities, have been 
cut to a length of 4 cm., while for qualities higher than 56's the cut length has 
been 3 cm. These lengths were shorter than the length of any fibres likely to 
occur in the respective tops. 
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( 3 ) The counting operation consisted in placing the cut bundle of fibres 
with as little disturbance as possible on to a black velvet board and with suit- 
able forceps separating fibre after fibre, laterally, from the bundle and pla^ng 
them together in a group until the desired number has been counted out. By 
taking the fibres in turn from the side of the bundle, there was no danger of 
any preferential selection such as might have occurred if the fibres had been 
drawn from the end of the bundles. For the coarser qualities 500 fibres were 
counted out and 600 or 700 for the higher qualities. A duplicate aamplo was 
then prepared and counted out by exactly the same procedure. Care had to 
be taken, of course, in the counting operation to discard all fibres shorter than 
the fixed length. 



(4) The counted groups of fibres were rolled together by the finger into 
compact bundles which, it was found, did not separate when placed in liquid, 
and were washed in two changes of warm benzene (60® C.), followed by two 
rinsings in distilled water. In order to assist in the washing a small quantity 
of saponin was present in the first vessel of water. At the same time as the 
counted groups of fibres were washed a sample of approximately a gramme 
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weight from the corresponding top was dealt vdth in the same manner. The 
counted groups and gramme sample were then exposed together in a room of 
constant humidity and allowed to dry for a day or so. Afterwards, the counted 
groups were placed in weighing bottles and the larger sample placed in a regain 
bottle and their weights ascertained on a chemical balance weighing to 0*0001 
gramme. The dry weight of the sample in the regain bottle was found, after 
drying in a stream of dry air at 105^ C. had resulted in a constant weight 
for the sample. The corresponding dry weights of the groups of counted 
fibres were then calculated, and from these values was found the weight in 
milligrammes of 10 metres of fibre at a regain of 18^ per cent. 



In order to test whether washing in warm bern^e was an efficient means 
of cleaning the fibre or not the following test was applied. Duplicate samples 
were wa^ed as described above and a further counted sample was submitted 
to six hours' treatment with ether in a Soxhlet. The weight of the latter 
sample differed from the mean of the two ordinarily treated samples by an 
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amount less than the standard error of the mean, and therefore the more 
lengthy and elaborate washing treatment was^ considered unnecessary since 
it contributed nothing to the accuracy of the itoal lesult. 

RESULTS 

The detailed results, including those for the British selected tops, are given 
in the following tables — 


Table I 


British Selected Tops 


Quality 

Cut 

Length 

of 

Fibres 

1 in cm. 

Number 

of 

Fibres 

Weight of 
Samples 
in g. 

Weight of 
10 metres 
of Fibres 
in g. 

Weight 
in mg. of 

1 10 metres 

1 ot Fibres 
at 18i% 
Regain 

Logarithm 

of 

Preceding 

Column 

80*s 

i 

2 

500 

000385 

0-00392 

4-64 

-6665 



500 

000402 






1000 

0-00779 


1 

1 


70‘s 

3 

500 

000636 

0-00426 

, 5-04 

•7024 



500 

0-00645 






1.000 

0-01273 




64’s 

3 

500 

0-00758 

0-00510 

6-03 

•7803 



500 

0-00758 




1 


1,000 

0-01549 




60’s 

3 

. 500 

0-00906 

0-00606 

7-17 

•8555 



500 

0-00897 






1.000 

0-01836 




58's 

3 

500 

0-01006 

0-00677 

8-01 1 

•9036 



500 

0-00997 


1 




1,000 

0-02062 


1 

1 


56’s 

3 

500 

0-01201 

0-00808 

9-55 1 

-9800 



1.000 

0-02437 


1 


50's 

5 

500 

0-02419 

0-00988 

11-69 

1-0679 



500 

0-02495 


1 



4 

1,000 

0-03975 


1 


48’s 

4 

500 

0-02191 

0-01108 

13-10 ' 

M173 



500 

0-02182 






1,000 

0-04494 




46’s 

4 

500 

0-02255 

0-01134 

13-41 

1-1274 



500 

0-02169 


♦14-88 

♦1-1727 



1.000 

0-04663 




44 's 

4 

500 

0-02638 

0-01290 

15-25 

1-1832 



500 

0-02579 


♦17-16 

•1-2345 



1,000 

0-05099 




40’s 

4 

500 

0-02684 

0-01371 

16-21 

1-2098 



500 

0-02743 


*17-67 

♦1-2472 



500 

0-02801 




d6's , 

4 

500 

0-02734 

0-01329 

15-71 

1-1962 

1 


500 

0-02515 


*18-44 

♦1-2657 

1 

1 


500 

0-02726 





♦ Values computed from cross-sectional area measurements. Irrcgularit> due 
to medullated fibres. 
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Tabte II 


French Sfnndarde for Ciombed Tops 



Cut 

Length 

of 

Fibres 
in cm. 

Num- 

Dry 

Mean Dry 

Mean 

Weight 

1 

* Logarithm 


ber of 

Weights of 

Weight of 

in mg. of 

of 

Fineness 

Fibres 

Duplicate 

10 metres 

10 metres 

l^receding 


taken 

Samples 

in g. 

at 18i% 
Regain 

Column 

Cape — 



1 

1 




no 

3 

600 

000851 

0-00834 

0*00468 

5*535 

*7431 

105 

3 

600 

0 00879 

0 00862 

0*00484 

5*'^4 

*7577 

Crois^ Prime ... 

3 

600 

0*01100 

0*01082 

0-00606 

7*168 

*8554 

Australian — 







Merino Prime... 

3 

500 

0 00736 
0*00761 

0*00499 

5*902 

*7710 

Merino I 

4 

500 

0*01294 

0*01260 

0*00638 

7*546 

*8777 

n ... 

4 

500 

001508 

0-01525 

0*00758 

8*966 

*9526 

„ in ... 

4 

500 

0-01703 

0-01703 

0*00852 

10*08 

1*0033 

.. IV ... 

4 

500 

0*01966 

001949 

0*00979 

11*58 

1*0637 

V ... 

4 

500 

0-02386 

0-02403 

0*01197 

14*16 

1*1510 

Buenos Aires — 







Merino Prime... 

3 

500 

0-(M»767 

{)*00802 

0*00523 

6*186 

*7914 

Crois^ Prime ... 

3 

500 

1 

0*00906 

0*00915 

0-00607 j 

7*180 

*8561 

1 

3 

500 ' 

0*01079 

0*01096 

0*00725 

8*576 

*9332 

II 

3 

500 

1 

0*01246 

0*01281 

0*00842 

9*959 

*9982 

Ill 

3 

500 1 

0*01293 

0*01310 

0*00868 1 

10*27 

1 

1*0114 

IV 

3 

500 

0*01571 

0*01554 

0*01042 

12*32 

1*0907 

V 

3 

500 

0*01637 

0*01672 

0*01103 

13*05 

1 

1*1154 

VI 

3 

500 

0*02028 

0*02175 

0*01401 

16*57 , 

1 

1*2193 

Afrique— 





1 


I 

3 

500 

0*00999 

0*00982 

0*00660 

7*806 

*8924 

11 

3 

500 

0*01115 

0*01142 

0*00752 

8*894 

*9491 

Ill 

3 

500 

0*01209 

0*01174 

0*00:^4 

9*390 

•9727 

IV 

3 

500 

0*01291 

0*01309 

0*00867 

10*28 

1*0109 
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Table III 

Belgian Standards for Combed Tops 


Fineness 

Cut 

Lengtli 

of 

Fibres 
in cm. 

Num- 
ber of 
Fibres 
taken 

Dry 

Weights of 
Duplicate 
Samples 

iti g. 

Mean Dry 
Weight of 
10 metres 
ing. 

Mean 
Weight 
in mg. of 
10 metres 
at 18J% 
Regain 

Logarithm 

of 

Preceding 

Column 

120 


600, 

0-00766 

0-00748 

0-00421 

4-980 

-6972 

115 

3 

600 

000818 

0-00835 

0-00459 

5-429 

-7347 

110 

3 

600 

0(10905 

000871 

0-(<0493 

5-830 

-7657 

105 

3 

500 

0-00791 
0-(H)808 1 

0-00533 

6-304 

•7996 

JViiiie Merino . . 

3 

600 

1 

0-00877 

0-00877 

0-00487 

5-760 

-7604 

Prime Croise 

1 

3 

600 

1 

001009 

1 0-00983 

0-00553 ' 

6-540 

-8156 

1 

3 

600 

1 

1 0-01175 

0-01088 

1 

0-00629 1 

1 

7-440 

•8716 

Jl 1 

1 

4 

500 1 

' 

0-01456 

0-01513 

0-00750 , 

1 

8-872 

-9480 

III 

4 

500 

0-01778 

0-01830 

0-00902 , 

10-67 

1-0281 

IV 

4 

500 

0-01974 

0-02108 

0-01016 

12-02 

1-0797 

V 

4 

500 

1 

1 

0-02196 

0-02196 

0-01098 

12-99 

1-1136 

\1 

4 

500 1 

0-02473 

0-02509 

0-01246 ' 

1 

14-73 

1-1684 
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Table IV 

Garman Standards for Combed Tops 


Fineness 

Cut 

Length 

of 

Fibres 
in cm 

Num- 
ber of 
Fibres 
taken 

Diy 

Weights of 
Duphcate 
Samples 
in g 

Mean Dry 
Weight of 
10 metres 
in g 

Mean 
Weight 
in mg. of 

10 metres 
at 18J% 
Regain 

Loganthm 

of 

Preceding 
( olumn 

AAAA 

3 

700 

0-00620 

0-00603 

0-00291 

3-442 

-5369 

AAA 

3 

700 

0-00696 

0-00696 

0-00331 

3-914 

-5927 

AA 

3 

600 

0-00668 

0-00668 

0-00371 

4-388 

-6423 

\ 

3 

, 600 

0-00840 

0-00807 

0-00458 

5-418 

•7338 

B 

3 

600 

0-01136 

0-01101 

0-00621 

7-345 

-8660 

Cx 

3 

500 

0-01134 

0-01099 

0-00744 

8-800 

-9445 

c, 

3 

500 

0-01115 

0-01149 

0-00755 

8-930 

-9508 

V, ... . 

3 

500 

0-01439 

0-01497 

0-00979 

11-58 

1-0637 

Da 

3 

500 

0-01610 

0-01610 

0-01073 

12-69 

1-1035 

E 

4 

500 

0-02561 

0-02517 

0-01270 

15-02 

1-1767 


Table V 


Italian Standards for Combed Tops 


Fineness 

Cut 

Length 

of 

Fibres 
m cm 

Num- 
ber of 
Fibres 
taken 

Dry 

Weights of 
Duplicate 
Samples 
in g. 

Mean 

Dry 

Weight of 
10 metres 
m g 

i Mean 
, Weight 

1 m mg of 
10 metres 
at 18i% 
Regain 

Ixiganthm 

of 

I’receding 

Column 

AAA 

3 

700 

0-00771 

0-00719 

0-00355 

4-200 

•6231 

AA 

3 

600 

0-00666 

0-00682 

0-00374 

4-424 

-6458 

A 

3 

500 

0-00685 

0-00668 

0-00451 

5-335 
^ 6-352 

-7271 

Pnme 

3 

500 

0-00810 

0-00801 

0-00537 


-8029 

I 

3 

1 

1 500 

1 

0-01059 

0-01025 

0-00695 

1 8-220 

•9149 

II 

3 

500 

0-01233 

0-01233 

0-00822 

9-722 

•9878 

Ill 1 

3 

500 

0-01322 

0-01356 

0-00893 

10-56 

1-0238 

IV j 

3 , 

500 

0-01519 

0-01554 

0-01024* 

12-11 

1-0832 

V 1 

3 

500 

0-01712 

0-01694 

0-01135 

13-42 

1-1279 

VI 

1 

3 

- 1 

500 1 

1 0-02000 
0-02035 

0-01345 

15-91 

1-2016 




Table of Finenesses Obtained from the Standard Curves 
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Comparison of the Finenesses of BriHsk and 

TREATMENT OF RESULTS 
The graphs show the result of plotting the logarithm of the mean fineness 
against the successive quality designations for each country and also the line 
representing the best linear relationship between fineness and quality. The 
relationships are expressed by the following set of equations — 


British ... 

W 

... Logio |- = o-o68* + 0-44. 

French ... 

W 

... Logio j- = 0 - 059 * + 0'66- 

Belgian 

W 

... Logjo ^ = 0-064* + 0 - 74 - 

Italian ... 

W 

... Logio "L “ 0 ’o67* + 0-54. 

German... 

W 

... Logio ^ = 0-074* + 0-46. 


The significance of x in the above equations varies of course with each 
country and the following scheme indicates the values of x which have been 
assigned to the various qualities. 


Quaht) Designation 



80's 

70*8 

64*8 

60*8 

58*s 

56's 

50’s 

48’s 




British 

. 3 

4 

5 

6 

7 

8 

9 

10 



— 


no 

105 

100 

PM 

PC 

I 

If 

III 

IV 

V 

VI 

French 

.As 1 

1-5 

2 

2-5 

3-5 

4 

S 

6 

7 

K 

9 


PM 

PC 

1 

IT 

in 

I\ 

V 

VI 




Belgian 

. AS 0-5 

1-5 

2 

3 

4 

5 

6 

7 

- 

— 



AAA 

AA 

A 

P 

T 

11 

TIT 

IV 

V 

VI 


Italian 

A=: 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



AAAA 

AAA 

AA 

A 

B 

c\ 


n, 

D, 

E 


German . 

. A= 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



The values given to x are quite arbitrary and are merely for the purpose 
of evaluating the constants of the equations. They may be replaced by any 
other set of values provided that the relative intervals between the numbers 
representing the qualities remain imaltered. These intervals, with the excep- 
tions we shall now mention, are all equal. The exceptions occur in the French 
and Belgian scales and are due to the introduction at one part of the scale of 
intermediate qualities. Thus, in the French scale the measurements make it 
clear that the qualities xio, loo. Prime, I, II, etc., form a series obe3dng the 
logarithmic law and that the qualities 105, Prime Merino, and Prime Crois^ are 
intermediate qualities. They have accordingly been assigned the values of 
x=o*5, 2*5, 3*5, and are then found to fall into agreement with the law govern- 
ing the rest of the qualities. The Belgian classification likewise forms a 
r^ular series below the Prime quality if we assigp the qualities Prime Merino 
and Prime Crois^ to intermediate positions on either side the quality Prime. 
The qualities hi^er than Prime on the Belgian scale have for the time being 
been left out of the scale of standards. This is the only case in which over- 
lapping in respect to fineness occurred, and here, as the figures will indicate. 
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the mean finenesses of the Prime Merino and Prime Crois^ approximate to 
those for the no and 105 qualities respectively Repeat samples of the Prime 
Merino and Prime Crois^ were obtained and measurements on these confirmed 
the previous results. An explanation of this anomaly is not as yet forth- 
coming. 



From the Imes on tlie graph, or their equations, a set of values may now be 
found for each country which will represent the mean values of fineness for the 
different qualities The values are shown grouped together in Table VI. 
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Here also are tabulated, for the convenience of workers using “diameter’’ or 
fibre width as a measure of fineness, the “equivalent diameters" calculated on 
the assumption of circularity of fibre cross-section. 

A composite scale (Plate I) has been constructed presenting the data 
contained in Table VI in a more convenient form. The different national 
scales are arranged collaterally and a cursor makes it possible to transfer from 
one scale to the other or to the absolutelfaieness, in mg. for 10 metres, set out 
on a logarithmic scale at the base. The other side of the scale shows the same 
information set out above a scale showing “equivalent diameters.” 

A comparison of the results obtained above with those obtained by 
continental workers is of interest. In the case of the French tops the values 
obtained by compounding the results from the several ranges of tops supplied 
to us yield a series which is consistently higher than the series published by 
M. M. Dantzer and Roehrich. The technique employed in the two methods 
is much the same, but in the present work it has been deemed preferable to 
base all weights on the true dry weight of the wool rather than on its weight 
while contained in a chamber of more or less constant humidity. 

A direct comparison with the results obtained by German workers is not 
possible since in their case the fibres were not cut but measured whole. The 
longer fibres, therefore, contribute more to the final result than the shorter 
ones. 

Italian measurements are only available in terms of fibre width. A very 
fair agreement, however, seems to exist between the "equivalent diameter" 
calculated from the weight/length ratio and alternative members of the series 
of values of fineness put forward as the Italian scale of fineness by Commander 
Schneider. 


The author wishes to record his thanks to the Director of Research, Dr. 
S. G. Barker, for his continued interest in the work; to Mr. H. T. Tulloch, 
Secretary of the Bradford Chamber of Commerce, for his kindness in obtaining 
representative samples from each of the countries in question; and to Miss 
A. L. Walker, for her able assistance throughout the investigation. 
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40— SAMPLING INSTRUMENTS TO DETERMINE FLEECE 
DENSITY IN SHEEP 

By Robert H. Burns and W. C. Miller 
INTRODUCTION 

The term '^density** is defined as ‘‘closeness of substance/* which in the 
purely ph5^ical meaning is designated by specific gravity. In fleece analysis 
on the sheep, however, density is usually interpreted as meaning the total 
amount of wool fibre growing on a definite unit area of skin, usuiUy on the 
living animal. Density, or the number of follicles on a certain area of histo- 
logical sections of the pelt, was first described by Nathusius (1866) and has 
more recently been usedbyTanzer (1928) in histological studies of the develop- 
ment of the follicle and the pattern of the fibre groups occurring in Karakul 
sheep. The pelt method of density determination is more adaptable to 
histological study of skin sections and can have little or no application to 
studies of fleece analysis in pure-bred or commercial flocks. 

Density of fleece is one of the most important economic fleece characters 
and is closely a^ociated with fineness and crimp. Mentzcl (1892) was one of 
the first writers to point out the commercial importance of density of wool 
fibr(‘s per unit area on the skin. Hultz (1927) and Hultz and Paschal (1930) 
have pointed out that density is one of the most important of the measurable 
fleece characters, as shown by a statistical study of fleece measurements made 
on prize-winning Kambouillet sheep. The very definition of density as the 
quantity of wool per unit area, indicates its importance from a commercial 
standpoint. The Australian Merino, one of the finest products of the art and 
science of sheep breeding, is, as shown by figures published by Bums (1929), a 
striking instance of how great density has by careful control been combined 
with long fibre, two characters not ordinarily associated, since as a fleece be- 
comes more dense it usually becomes shorter. 

In studies of fleece density on the living sheep, the primary requisite, in 
order to have comparable figures, is to have a sample taken from a definite 
imit area on the skin. The latter part of this paper is concerned with instra- 
ments and metliods for securing the sample, but it is convenient here to indi- 
cate in some degree of detail methods of determining density as an intro- 
duction to the description of the instruments. 

Methods of Expressing Density 

When the sample has been removed from a unit area of the skin, has been 
cleansed, and detailed determinations made upon a fraction of it (which maj' 
conveniently vary between 100 and 500 fibres), the data may be used to 
express density per unit area in a number of ways. The requisite data consist 
of the w'eight of the sample and of the fraction, the mean thickness of the fibres 
in the fraction, their number, and the av»*rage stretched length per fibre. 
Since combinations of length and weight, or weight and fineness are more 
convenient when expressed in the metric system, this has been employed 
exclusively. 
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For convenience, for brevity, and to avoid confusion, the following 
symbols have been adopted — 

N s= Total number of fibres per unit area (i sq. cm.) of skin. 

L = Total stretched length of wool fibre per i sq. cm. of skin (in centi- 
metres), 

W ~ Clean, dry weight of wool per i sq. cm. of skin (in grammes). 

A = The sum of the cross-sectional areas of the wool fibres per i sq. cm. 
of skin. (This is a comparative rather than an absolute value.) 
Result is in square centimetres. 

o = TTie volume of wool growing upon i sq. cm. of skin (in cubic centi- 
metres). 

ML/W = Metre-length-weight ratio, i.e. the weight of i m. length of wool (in 
grammes). 

The corresponding symbols for the fractions are the lower case of those for 
the total sample (e.g. n, w, etc.; but / is mean fibre length of the sample). 

The values of the symbols can be obtained by the following alternative 
simple formuke, which may be used as a check upon each other if desirable — 

^ Total weight of wool (W) x number of fibres in fraction (n) 

““ ' ^ Weight of wool in fraction {w) 

Vf xn 


or ( 2 ) 


Total length of wool fibre (L) 
Mean fibre length (/) 

L 


“ I 


L =■ (i) Mean fibre length (/) x total number of fibres (N) 

= / X N 

Total weight wool (W) X mean fibre length (/) x number of 
fibres in fraction («) 

' Weight of wool in fraction {w) 

_ W xlxn 
~ w 


W is obtained by direct weighing. 

A = Mean cross-sectional area per fibre [n x am X total number of 
fibres (N). 

^ 7t y X N, — where / = the mean diameter per fibre 

measured in centimetres. For simplicity and since t he value 
of A is not absolute, it is suggested that for comparative 
purposes the formula should be simplified by eliminating the 
constant n. The formula would then be 

- ({)' X 

□ = Area x mean fibre length (/). 

== A X /. 

100 X weight of wool in fraclion (te >) 

' ~ Mean fibre length (/) x number of fibres in fractionJ{«) 

100 X n 


lx n 
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Obviously there are various other ways of arriving at the values for these 
S3anbols (e.g. displacement volume may be computed by using the figure for 
specihc gravity of wool — 1-3 — divided into the absolute dry weight of the 
sample), but the writers have found them less convenient in use than those 
given. 

For illustration a typical example may be taken as follows — 

Cheviot Ewe — Mid-shoulder sample. 

Unit area = i sq. cm. 

W = *2022 g. 
w == -018 g. 

I 9*974 cm 
n = 100 fibres. 
f == *00503 cm. 

, W X w *2022 X 100 


N (I) 


1123 fibres. 


or (2) -j = 


11200*8 


/ 9*974 

L = (1) / X N ~ 9*974 X 1123 


= fibres. 
= 11200*8 cms. 


or (2) - 

_ ifV 


W X I X n *2022 X 9-974 X 100 


= (i) 


(•002515)* X 1123 


ML/W 


D - ax/- -0071 X g*974 

w X 100 -oiS X 100 

^ 

I X n 9-974 X 100 


— - = 11204*1 cms. 


— *0708* 


= *001805 grm. 


Much work still remains to be carried out before it will be possible to 
suggest whether some or all of these methods of determining density, or more 
probably which combinations of them, should be employed for routine 
analysis of fleece samples in genetical or other breeding experiments or in 
schemes of fleece improvement. To si»nie extent the particular index of 
density will always depend upon the type of wool grown by the sheep and the 
ultimate manufacturing purpose for which it is best suited. 

It will be noted that all of these methods of designating density of fleece 
depend on defining a unit area on the skin from which the wool sample is re- 
moved. Thus the first step is the design of a suitable instrument for this 
purpose which will be positive in action and simple to use. 

Earlier Instruments 

In order that the reader will have some idea of the previous instruments 
and methods which have been used for the determination of fleece density a 
short description of some of these will be of interest. 

Mentzel (1892) was probably the first to describe an instrument for deter- 
mining fleece density. This instrument, shown in Fig. i, was a modified 
caliper, with the throat graduated and possessing a thrust collar, which could 
be screwed up to press the fibres within the jaws of the caliper into a compact 
mass and giving an approximate but direct reading of the sum of the cross- 
sectional areas of the wool fibres. This instrument was designed to thrust 

♦ If an approximate value in cm.* or cm.’ is desired for these values it is necessary to 
include the value of the constant n in determining the A. 
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into the fleece on the sheep's body and obtain an index of fleece density with- 
out removing any wool. It had the obvious disadvantage that in the com- 
pression of the wool fibres it was impossible to avoid measuring a certain 
indefinite amount of empty space between the wool fibres. 

Bums (1925) described a caliper method for defining ^-in. square areas 
on the skin, separating the wool fibres at the margins of the area. The instru- 
ment used consisted of a pair of engineers' outside measuring calipers with 
each point ground down at its tip. 

Nordby (1928) described a modification of the engineers’ calipers which he 
named the Idaho Wool Caliper. This instrument, shown in Fig. 2, consisted 
of two pairs of calipers, one mounted on the other, with the jaws crossing at 
right angles. 

Duerden (1929) described an instrament, shown in Fig. 3, which consists 
of a forked caliper with a pair of cross pins mounted as a unit, passing through 
holes drilled at right angles through the jaws of the caliper. 



Bums (1930) described a pair of altered-leg dividers in which the legs were 
parallel throughout the last inch of their length. 

Hardy (1930) advised the writers of a method which he has used success- 
fully. It consists of the use of an electric clipper with jaws i in. wide. A 
swath is dipped from a selected area and the length of the swath is measured. 
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The absolute dry weight of the clipped sample is determined and the stretched 
fibre length is measured to allow for variation in seasonal growth of fibre in 
different fleeces. 

Nichols (1930) advised the writers of a photographic method for the 
determination of fleece density. The wool is clipped from an area of skin, 
approximately square and of such a size that the bare spot of skin can be 
easily photographed. In the middle of the cleared area is fastened a piece of 
square material, such as a postage stamp, whose dimen.sions are accurately 
known. This skin area is then photographed and from the finished photo- 
graph the area of skin can easily be calculated by proportional measurements. 
The amount of wool clipped from the area is preseived and used subsequently 
for density determination. 

Kusebauch (1931) described an instrument for detennining the fineness of 
samples of wool by measuring the diagonal of a bundle ot 100 fibres which had 
been sorted by length. This Instrument was named the Rapid Lanometer 
and might be useful for density determination by cross-sectional area. 

All of the instruments and methods described have dealt with square or 
rectangular areas. Each instrument had certain disadvantages, particularly 
in that they were either not positive enough in operation or they were too 
cumbersome to ensure accuracy. The need for an instrmnent which would be 
positive in action and simple to use has led to the design of the Wyedena and 
Wyedesa Fleece Calipers,* the latter being an improvement on the former. 

THE WYEDENA FLEECE CALIPER 

This instrument is shown in Figs. 4 and 5. It is a forked caliper with a 
pair of cross-pins mounted as a imit, which fit into holes at the top of the 
liandle when not in use- -a very useful feature. The particular instrument 
shown was made with the points of the jaws I in. apart, but could be made 
with a i-cm. space between the jaws if it was desired to use the metric system. 
The general design and detailed angles and dimensions are well shown in the 
figures. 

Technique of Sampling with the Wyedena Fleece Caliper 

After the sheep has been laid on a table and the area to be sampled has 
been selected, two long right-angled **partings" are made in the fleece, in the 
form of a large L. In most sheep the fleece “parts” most easily along a line 
parallel with the limbs, or from dorsal to ventral regions. Then along the 
short leg of the L-shaped “parting” a swath of wool about 3 cm. wide is clipped 
to facilitate the insertion of the cross-pins. In a very long dense-woolled 
fleece it may be necessary to cut a similar swath along the long leg of the L so 
that the heel of the instrument can rest flat on the skin and the sampling 
operation can be carried out with more ease and accuracy. The form of the 
part and the position of the “swaths” is shown in Fig. 6. The cross-pins are 
now taken from their recesses in the top of the handle and laid out ready for 
use. The caliper is introduced so that the jaw on the side from which the 
cross-pins will be inserted is only distant by a few fibres* space from the edge of 
the swath on the short leg of the “parting.' Now the cross-pins are inserted 

* Members of the wool research laboratories of Wyoming, Edinburgh, and South 
Africa have collaborated in the design of these instruments and the names arc combina- 
tions of the abbreviations for these laboratones. 
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through the holes in the jaws of the caliper thus parting the wool growing on 
a J-in. sqtxare area of skin surface. This position is shown in Fig. 7. 

Once the cross-pins are in place, the sample can be separated from the 
surrounding wool with a quill or dissecting needle. A large porcupine quill 
or a piece of hard wood the size of a large lead pencil with a sharp point is 
ideal for dissecting wool. When the sample has been dissected it is grasped 
with the fingers, and clipped off close to the skin. A pair of surgeon's 8 in. 
scissors with blades angled at 45® on the flat will be found very useful in 
clipping off the wool close to the skin. 

THE WYEDESA FLEECE CALIPER 

When taking samples with the Wyedena Fleece Caliper the great advant- 
age of some method of clamping the wool, after the step shown in Fig. 6, 
became quite evident. The great difiiculty was to design an instrument in 
which the jaws were parallel and rigid when open and yet would close to 
clamp the wool. With a clamping type of fleece caliper, all the wool in the 
clamp could be clipped oft and the sample separated from the surrounding 
wool in the laboratory which would be quite an advantage over dissecting the 
sample on the sheep’s body. To meet these requirements the W} edesa instru- 
ment has been devised. This is shown in different perspectives in Figs. 8 to 
10. It will be noted that the fundamental principles of the Wyedena Fleece 
Caliper are retained in the Wyedesa instrument, the difference being the 
addition of the clamping feature in the latter. 

Technique of Sampling with the Wyedesa Fleece Caliper 

The general procedure of sampling is exactly the same as outlined for the 
Wydena Fleece Caliper imtil after the cross-pins have been inserted through 
the jaws. In practice it has been found expedient for one person to hold the 
caliper while another inserts the cross-pins. At this stage the caliper is pulled 
up about J in. from the skin and clamped. The caliper is then laid down with 
the cross-pins on top so that they cannot slip out from its jaws. This position 
is shown in Fig. ii. The caliper acts as a weight pulling the wool, so that it 
is easily clipped off close to the skin. One operator opens the caliper and 
holds it up with the proximal end of the sample uppermost, and the other 
separates the fibres away from the cross-pins with a quill. The fibres have 
already been separated for the first J in. of their length when the caliper was 
drawn up from the skin with the cross-pins in place. The appearance of the 
sample at this stage is shown in Fig. 12. The sample is completely separated 
from the surrounding wool by grasping it where already parted at the proxi- 
mal end and stripping away the rest of the wool which does not belong to the 
unit area. However, quite often it will be found dif&cult to strip the extra- 
neous wool off in this way, due to numerous cross-fibres or to cotting of the 
wool. In such cases a small rubber band or a small clip is fastened aroimd 
the J-in. section of the proximal end of the sample already separated, leaving 
the final dissection of the sample to be finished in the laboratory. The 
advantage of this feature is evident to anyone «who has sampled sheep in a 
paddock. In tl^e great majority of wools tiiere are very few cross-fibres next 
to the skin and it is easy to pull the caliper up one ^ in. from the skin and an 
excellent "part" results as shown in Fig. 12, aiter the sample has been clipped 
from the skin. 
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Fk;. 5 -Wyeclena Fleece Caliper, viewerl from the side. 



I^'iG. n 'The "L” shaped partings with the "swaths" of wool remo\'ed 
and' the area ready to be sampled. 
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TRIANGULAR METHOD OF DETERMINING DENSITY 

The principle involved in this method was first suggested by Mr. J. A. 
Fraser Roberts who contributes the following note — 

'‘Some years ago I experimented with methods employing a rectangular 
area on the skin. My colleague, Dr. A. Stevenson, now of the Scottish 
Woollen Technical College, Galashiels, suggested that a much better principle 
would be to make only a single parting at a time and to make the area tri- 
angular. I found that, using a fine knitting needle, it was entirely practicable 
rapidly to separate off a triangular area and remove the wool. It appeared 
to be possible to make the sides of the triangle quite straight, T have used 
the method in connection with one or two investigations and am very glad 
that Mr. Miller has found this a very useful teclmique and has been able to 
elaborate and perfect it in so satisfactory a manner." 

The principle depends upon the fact that to make a perfectly straight part 
ox shed in the fleece which shall be of adequate length it is advisable to employ 
only one dividing agent at a time. Tlic reflex sensory-motor system of the 
sheep's skin is so well developed that cutaneous irritation resulting from the 
passage across it of an agent which, used carelessly or roughly, may prick the 
skin, may readily cause a reflex contraction of the cutaneous muscle, witli 
consequent disturbance of the outlines ol the area from which the sample is 
to be removed. In the method to be described it is believed that much of 
this error is avoided. 

The method is of most use for the Jong-wooUed breeds, where separation 
of tangled staples of wool is diflicult under any conditions and impossible 
imder some. It has been found inadvisable to employ any form of instrument 
in which the points which must separate the wool are short or thick for sheep 
such as the Scottisli Mountain Blackface, Lmcoln, Oxford, Cotswold, etc., 
breeds, and since much of the work in progress at this department includes the 
use of long-woolled breeds, the triangular method has been devised primarily 
for them. At the same time, in the hands of Mr. Roberts, and our own, the 
method has given very satisfactory results in short-wooUed sheep — Cheviot, 
Half-bred, Welsh Mountain, Suffolk, etc. 

Instruments — ^The equipment is simple in the extreme; it consists of an 
ordinary steel ruler — ^preferably graduated in sixteenths of an inch along one 
edge and having a centimetre scale along the opposite edge; a pair of dividers 
(preferably opening and shutting by a screw action); two ordinary steel 
knitting needles, each with one end made somewhat sharper than usual, or, 
even preferably, two large porcupine quills; and three pairs of cross-action 
aural forceps. These latter are not essential, but they facilitate keeping the 
surrounding wool from the field of operation. Ordinary black Indian ink, 
or an indelible pencil, may be used to delineate the comers and edges of the 
triangle, or if the exact area must be permanently marked for future reference, 
an electric tattooing machine may be used. Rubber bands are a convenience 
to slip round each isolated tuft of wool, and a series of envelopes serve as 
handy receptacles for the samples. 

Principle — ^The principle of the method is that of isolating a triangular 
tuft of wool from the rest of the fleece in such a way that the sides are straight, 
the angles cleanly defined, and the divisions in the wool made with as 
little breaking or tearing oi the fibres as possible, consistent with complete 
separation of the fibres from each other. 
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Choice of Site — Samples can. by this method, be removed from almost any 
part of the surface of the body which will give a level flat triangle, of the 
requisite size. Probably the most convenient body region for ordinary 
routine sampling is an area on the right or left side of the sheep lying over the 
ribs. In this situation there should be no difficulty in determining anatomical 
landmarks. 

Whatever choice of site is made it should be remembered that it only one 
sample is required from each sheep the sides of the triangle should be at least 
aJr-S in. long if a fairly large sample is required. The smallest sized triangles 
used in Edinburgh (in a long series of observations made on each sheep at 
weekly intervals) were of 1-5 to 2-0 cm. length on each side. It is suggested 
that triangles smaller than these should not be used. 

Method — ^The sheep is secured in the appropriate position on a table for 
preference. The area from which the sample is to be taken is determined by 
palpation of bony prominences, and one of the knitting needles (or porcupine 
quills) is introduced into the fleece until it meets the skin. It is then passed 
straight along the surface of the skin firmly but gently. It will be found that 
the line through the wool will not be straight until the needle has entered the 
wool for a distance of an inch or so; it is consequently necessary to commence 
the line at least i in. below the estimated angle of the triangle. 

The needle is now raised (with the point as a fulcrum) 1 in. to 1 in. up 
from the skin and the wool divided, either with the fingers, or by another 
needle or quill, into two walls. A pair of cross-limbed forceps is slii)ped on 
to that wall which is to lie outside the triangle and separate from it. This 
serves to preserve the division in the wool already made and pi event entangle- 
ment of fibres which constitute the sample, by those outside it, 

A second needle or quill is next inserted into the fleece, as shown in Fig. 
13 in the same manner i in. or more behind the line of the first one and in such 
a direction that it will form an angle of about 60® with it. Following the 
same procedure as is described above, a second side of the triangle is demar- 
cated, and the wool to the outside of it secured out of the way by a second pair 
of cross-limbed forceps. In the same way the third side is prepared and the 
wool outside it also secured by the third pair of forceps. 

It is sometimes convenient to insert the second and third quills imme- 
diately after the first side of the triangle has been demarcated; in this way any 
gross misestimation of the angles can be corrected by withdrawing one and 
reinserting it more appropriately. It is necessary to emphasise that each 
needle or quill as it is being inserted must be pushed straight along its track 
with its point pressed lightly but firmly on the surface of the skin. Each 
point must not be allowed to rise from the skin level by even a fraction of an 
inch, or a false and irregular line will result. Wc believe that upon the careful 
observance of this rule depends the successful use of the method. 

A triangular area of wool is now isolated (Fig. 14) . Its angles are approxi- 
mately of 60® and it is therefore practically equilateral in outline. For con- 
venience and to preserve the identity of the staples* which compose it and to 
ensure that its component fibres will maintain their contiguity and 
relationships (especially important in a fleece which is undergoing a process 
of shedding of some of its fibres) the triangular tuft should have a rubber band 
slipped over it and arranged fairly near its base; this also aids in keeping the 
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sample rigid while it is being clipped off subseqiiently. For very long wools, 
such as those of the Lincoln, Oxford, or Cotswold, etc., two or more rubber 
bands may be advisable. 

The sample is now removed from the skin by clipping with scissors, or it 
may be removed by rutting with a sharp razor blade. By the latter method 
there is some risk of injuring the skin if the sheep struggles, or if the skin 
happens to be pulled up into a fold, but otherwise the sharp razor when used 
with care is rapid and satisfactory when length of fibre is being studied. 

When the sample has been removed, or before if necessary, the three sides 
of the triangle are measured with the screw-dividcis and their dimensions 
noted. It may be convenient for extreme accuracy, to put a dot of Indian 
ink on, or mark with the indelible pencil, the exact point of each angle of the 
triangle before removing the sample, and to measure the distances between 
tliese points with the dividers after the sample has been removed, as shown in 
Fig* 15* 

During measurement it is important that the surrounding skin should not 
be stretched by endeavouring to expose the dots to better view. If the for- 
ceps have been correctly adjusted earlier on, it will be found that they con- 
tinue to hold the wool back from the bared triangle perfectly satisfactorily. 

We suggest that the lengths of each of the three sides of the triangle 
should be noted on the envelope wdiich also shows the number of the sheep 
and the date of taking the sample -together with other particulars necessary. 

The area of the triangle may conveniently be determined by the usual 
formula as follows — 

If the sides of the triangle are denoted by AB, BC, and CA; and if S~half 
the sum of these sides, the area is 

\^S(S-.AB) (S-BC) (S CA) 

It is suggested that f<jr convenience in measuring the sides of the triangle the 
metric system is the more satisfactory. 

Modification of Technique - In fleeces where the density is great and where 
the fibres are entangled it is sometimes difficult to separate the wool fibres by 
means of a quill. To overcome this difficulty a triprong divider has been 
devised and used with success. This consists of the adoption of the principle 
of the three-armed uterine dilator— a human gynaecological instnunent. 
Reference to Fig. 16 will make verbal description unnecessary. The closed 
instrument — ^with the three blades fitting together into a form v.hich is in no 
way different from the essential of the quill or knitting needle— is used to 
pass into the fleece and along the line of the skin in exactly the same way as 
has been described previously. When in position the handles are closed and 
the three blades open out separating the wool fibres into two parallel lines. 
The longest blade carrying the dividing point— which is best made like an 
arrow-head — remains lying on the skin and the two shorter blades move 
upwards and outwards from it. Into the triangular space between the blades, 
a quill, or the fingers, can be readily inserted to complete the division of the 
fibres into two parallel walls. The remainder of the process does not differ 
from what has been already described. 
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SUMMARY 

(1) A brief review is given of instruments and methods hitherto employed 
for determining fleece density. 

(2) By modification of the earlier principles two other instruments have 
been devised and are described. The details of their construction and the 
technique of sampling with them, are illustrated. 

(3) These instruments have been named the Wyedena and Wyedesa Fleece 
Calipers. 

(4) A method of sampling employing a triangular area on the skin is 
described and its uses indicated. 

(5) Some suggestions are offered for the evaluation of fleece density by the 
use of various formulae. 
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